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DESCRIPTION 

CHROMOflFNTC SUBSTRATES OF SI AT, TP ASF 
AND METHODS OF MAKING AND USING THF SAMF 

5 

The research related to this invention is in part supported by a contract from the 
University of Alabama at Birmingham as a grant from the US Defense Advanced Research 
Projects Agency, grant number MDA 972-97-K-0002. 

10 Ffeld of ths Invention 

The current invention relates to the design, synthesis, and biochemical evaluation of 
chromogenic substrate compounds for sialidases of bacterial, viral, protozoa, and vertebrate 
(including humans) origin. In particular, this invention provides a novel class of effective 
compounds as chromogenic substrates of these sialidases which yield chromogenic products 

15 after reactions catalyzed by sialidase take place. Also provided are methods of making these 

substrate compounds, methods of diagnosis and prognosis of sialidase related diseases using 
these substrate compounds. 

JBackgjround of foe hnvemjQn 

20 Sialidase (EC, 3.2..1.18, also known as neuraminidase, acymeuraminyl hydrolase) is 

a protein enzyme produced by many organisms such as bacteria, viruses, protozoa, and 
vertebrates including humans (Hirst, G.K. [1941] Science 94:22-23). This class of enzymes 
catalyzes the hydrolysis of a terminal sialic acid which is linked to oligosaccharides through 
an O-glycosidic bond. Crystal structure of sialidases showed that the enzyme has a highly 

25 conserved active site centered in a propeller like P-sheet twirl (Crennell, S J. et al. [1993] 

Proc. Natl Acad. Set USA 90:9852-9856). 

Sialidases perform many critical biological functions. In bacteria, sialidase helps 
bacterial adhesion to tissues, and provides additional nutritional sources (Crennell, S. et al 
[1994] Structure 2(6):535-544). In viruses, it helps the release of progeny viruses (Liu, C. et 

30 al. [1995] J. Virol 69:1099-1106). In a parasite, Trypanosoma cruzi, a sialidase (also known 

as trans-sialidase) removes sialic acids from infected cells and decorates its own surface with 
these sialic acids. In humans, sialidases are involved in protein digestion, immune responses, 
and cell proliferation. Abnormal production of sialidases may lead to serious human diseases 
such as sialidosis or increased Pseudomonas aeruginosa infection in cystic fibrosis patients. 
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Since sialidases are associated with many diseases, a color-producing substrate of 
. sialidase would be an excellent diagnostic or prognostic reagent for sialidase-related 

diseases. For instance, sialidase level is elevated in bacterial vaginosis (Briselden, A^f . et al 
[1992] /. Clin. Microbiol 30:663-666). Measurement of sialidase level in the vaginal 
5 samples could be used to diagnose bacterial vaginosis. In periodontal disease caused by 

bacterial infection, it has been shown that presence of sialidase increases the colonization of 
harmful bacteria (Liljemark, Wi 7 . et al [1989] Caries Res. 23: 141-145). The cell invasion 
form of T. cruzi, Trypomastigote, expresses high levels of trans-sialidase activity; therefore, 
measurement of trans-sialidase level could be used for diagnosis of T. cruzi infection and for 

10 monitoring disease progress (Cross, GA., G.B. Takle [1993] AnntL Rev. Microbiol 47:385- 

41 1). In cystic fibrosis patients, Pseudomonas aeruginosa infection is one of the leading 
causes of death. Sialidase was shown to be involved in the disease progress (Cacalano, G. et 
al [1992] J. Clin. Invest. 89:1866-1874). Sialidase is also related to the regulation of cell 
proliferation (Bratosin, D. et al [1995] Glycoconj. J. 12:258-267), the clearance of plasma 

15 proteins (Bonten, E. et al. [1996] Genes & Devel. 10:3156-3169), and the catabolism of 

gangliosides and glycoproteins (Gomati,R.e/ a/. [1997] Mol CellBiochem. 166:117-124). 

Currently, there is available a synthetic substrate of sialidase, 4-methylumbelliferyl- 
B-acetyl-neuraminic acid (4-MUN) (Lentz, M.R., R.G. Webster, G.M. Air [1987] 
Biochemistry 26:535 1-5358), which produces a product with characteristic fluorescence 

20 spectrum upon hydrolysis. This change of fluorescence spectrum can only be measured with 

a specialized instrument (fluorospectrometer). The substrate compounds of the current 
invention produce a visible color change upon hydrolysis, which is highly advantageous in 
medical diagnostic applications. 

25 ftnef SuTpmary of the Invention 

In one embodiment, the current invention relates to the design and synthesis of novel 
chromogenic substrate compounds for sialidases. In another embodiment, the subject 
invention pertains to the use of the novel chromogenic substrates in assays for the detection 
of sialidases. The sialidases which are detected using the procedures and compounds of the 

30 subject invention are of bacterial, viral, protozoa, and vertebrate (including human) origin. 

In a specific embodiment, the subject invention provides a novel class of compounds which 
are useful as chromogenic substrates of sialidases. 

In one embodiment, the present invention provides chromogenic sialidase substrate 
compounds having the following formula: 
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General Structure I 



R 2 

wherein, R, = H, R* OR* OC(0)R 7 , N0 2 , NH 2 , N(Rs) 2 , NHC^R* NHCXOPR* CI, Br, I, 
F, CHO, C0 2 R«, C^N^),, C(N~OH)NH 2 , OPOjR* OP0 2 (CH 2 ),CH 3 , CHjPOjR,, OSOjR* 
OSO^CH^CHj, CH 2 SOjRs, or CN, where j is an integer from 0 to 3; wherein R 2 = H, 
ORj, OC^Rt, NO,, NH 2 , N(Rs) 2 , NHC^R* NHQOORs, CI, Br, I, F, CHO, C0 2 R«, 
0(0^00* C(N~OH)NH 2> OPOjRj, OPO^CH^CHj.CHjPOjRj, OSOjRs, OSO^CH^CHj, 
CH^OjRj, or CN, where j is an integer from 0 to 3; wherein R,= H, R* OR* OC(0)R 7 , N0 2 , 
NH 2 , N(R«) 2 , NHCXO)^, NHCfOpR* CI, Br, I, F, CHO, COjR* C^NCR^, 
C(N~OH)NH 2 , OPOjRj, OPO^CHjjlCHj, CH^OjR* OSOjR* OSO^OIOyCHa, CHjSOjRj, 
or CN, where j is an integer from 0 to 3; wherein Rj = H, R* OR* OC(0)R 7 , NO* NH 2 , 
NCRJ,, NHC(0)R«, NHCCOJORs, CI, Br, I, F, CHO, COjR* C(Oyti(&) 2 , C(N~OH)NH 2 , 
OPOjR*. OP0 2 (CH 2 ) / CHj,CH 2 P03R s , OSOjR* OSO^CH^CHj, CH 2 S0 3 R«, or CN, where / is 
an integer from 0 to 3; wherein, R 3 = N0 2 , CHO, (CR B =CR B ) Jt CN or (CR 8 =CRg) t N0 2 , where 
k is an integer from 1 to 3, or 
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wherein, R* = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CTCCH.XCH^CH,, or (CH^CHa, 
where m is an integer from 0 to 3; wherein, R 7 = R* OR* or N(R<s) 2 ; wherein R^ - H or 
(CHjXCH^ where n is an integer from 0 to 3. 

Also provided are chromogenic sialidase substrate compounds having the formula of 
General Structure I, wherein, R, = H, R* OR* OC(0)R 7 , N0 2 , NH 2 , N^, CI, Br, I, F, 
CHO, CO.R* CWW,, C(N~OH)NH 2 , OP0 3 R* OPO^CH^CHs, CH 2 P0 3 R* OS0 3 R* 
OS0 2 (CH 2 ) / CH3, CHjSOaRfi, or CN, where j is an integer from 0 to 3; wherein, R 2 or R« = H, 
R* OR,, OC(0)R 7 , N0 2 , NH 2 , N(R^, CI, Br, I, F, CHO, C0 2 R* C(0)N(R«) 2 , C(N~OH)NH 2 , 
OPOaR* OPO^CH^CHa, CHjPOjR* OSO^, OSO^CH^CHa, CHjSOjR* or CN, where j 
is an integer from 0 to 3; wherein, R 3 = H, R* OR* OC(0)R 7 , NO* NH 2 , N(R^ 2 , CI, Br, I, F, 
CHO, C0 2 R* C^NCR^ CCN-O^NH* OP0 3 R* OPO^CH^CH,, CH 2 P0 3 R* 0SO 3 R 6 , 
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OS0 2 (CH2) y CH 3> CHiSO^, or CN, where j is an integer from 0 to 3; wherein, Rj = H, OR*, 
OC(0)R 7 , NO* NH* NCR*)* CI, Br, I, F, CHO, CO^, C(0)N(R^ 2 , CXN-O^NH* OPO^ 
OP0 2 (CH2) y CH 3 , CHjPOaRe, 0S0 2 (CH^JCH 39 CHjSOjR^, or CN, where j is an 

integer from 0 to 3; wherein, R 2 or R< = N0 2 , CHO, (CR 8 =CR«) A CN or (CR^CR^NC)* 
5 where k is an integer from 1 to 3, or 




wherein, R, = H, C(CH 3 ) 3 , CHCCH^, CH.OKCH,),, CH(CH 1 XCH 2 ).CH 3y or (CH^CH^ 
where m is an integer from 0 to 3; wherein, R 7 = R*, OR*, or NOR^; wherein Rg = H or 
(CH^CH^ where n is an integer from 0 to 3. 
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Also provided are chrOmogenic sialidase substrate compounds having the formula of 
General Structure I, wherein, R, or R, = H, OR* OC(0)R 7 , NO,, NH 2 , N^, CI, Br, I, F, 
CHO, COjRs, CXOJNO^, C(N~OH)NH 2 , OPOjR* OP0 2 (CH,)/3I„ CH 2 P0 3 R* OSO3R* 
OSOjCCH^yCHj, CHjSOjRg, or CN, where; is an integer from 0 to 3; wherein, R 2 = H, OR5, 
5 OC(0)R 7 , NO* NH* NCR*)* CI, Br, I, F, CHO, COA, (WCRJ* C(N~OH)NH 2 , OP0 3 R* 

OPO^CHj)^, CH 2 P0 3 R* OSOjRg, OSO^CHJ^, CH.SOjR* or CN, where j is an 
integer from 0 to 3; wherein, R 3 = H, OR* OC(0)R 7 , N0 2 , NH 2 , N(RJ„ CI, Br, I, F, CHO, 
COjR* C^NO^j, C(N~OH)NH 2 , OPOjR* OPOjCCHj^H,, CH 2 POjR* OS0 3 R* 
OSO^CH^yCHj, CH 2 S0 3 R* or CN, where/ is an integer from 0 to 3; wherein, R, = H, OR* 

10 OC(0)R 7 , NO* NH* N^* CI, Br, I, F, CHO, CO.R* C^N^ CXN-O^NH* OPOjR* 

OPO^CH^CHj, CHjPOjR* OSOjR* OSO^CH^Hj, CH 2 SOjR* or CN, where j is an 
integer from 0 to 3; wherein R, or Rj = N0 2 , CHO, (CRpCR^CN or (CR^R^NO^ 
where k is an integer from 1 to 3; wherein, R« = H, C(CHj)j, CH 2 CH(CH 3 ) 2 , 
CH(CH 3 )(CH 2 ) J1 ,CH 3 , or (CH 2 ) m CH 3 , where mis an integer from 0 to 3; wherein, R 7 = R,, 

15 OR* or NfRgk; wherein R, = H or (CH^CH* where n is an integer from 0 to 3. 

Also provided are chromogenic sialidase substrate compounds having the following 
fonnula: 




General Structure II 



Rs R» 



wherein, R, = H, OR* OC(0)R 7 , NO* NH 2 , NCRJ* CI, Br, I, F, CHO, COjR* 0(0)$^, 
20 C(N~OH)NH 2 , OPOjR* OPOjCCHj^CHj, CHjPOjR* OS0 3 R* OSO^CHjpi* CHjSOjR* 

or CN, where; is an integer from 0 to 3; wherein, R 2 = H, OR* OC(0)R 7 , N0 2 , NH 2 , N(Rs) 2 , 
CI, Br, I, F, CHO, C0 2 R* C^NCR*)* C^N-OH^NH* OP0 3 R* OPO^CHJjCH,, CH.PO^, 
OSOjRfi, OS0 2 (CHjJj,CH 3 , CHjSO^, or CN, where j is an integer from 0 to 3; wherein, R 3 = 
H, OR* OC(0)R 7 , NO* NH 2 , NfR^, CI, Br, I, F, CHO, C0 2 R* C^NCRO* C(N~OH)NH 2 , 
25 OPOjR* OPO^Ol^CH* CHjPOjR* OSOjR* OSOjCCH^CH,, CHjSO^, or CN, where j 
is an integer from 0 to 3; wherein, R» = H, OR* OC(0)R 7 , N0 2 , NH 2 , N^* CI, Br, I, F, 
CHO, COjR* CCOJNO^, C(N-OH)NH 2 , OPOjR* OPO^CH,)/^,, CHjPOjR* OSOjR* 
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OSO^Oy^CHj, CHjSOjRo, or CN, where j is an integer from 0 to 3; wherein, R 3 = H or 
(GHJftCH,, where * is an integer from 0 to 4; wherein, R<s = H, C^CH^, CH(CH 3 ) 2 , 
CH 2 CH(CH 3 )2, CH(CH 3 XCH2) m CH 3 , or (CHJ.GH* where m is an integer from 0 to 3; 
wherein, R 7 = R*, OR*, or N(R <i ) 2 . 
5 Also provided are chromogenic sialidase substrate compounds having the following 

formula: 




General Structure Ilia 



wherein, R, = H, OR 3 , OC^R*, N0 2 , NH 2 , NfR^, CI, Br, I, F, CHO, C0 2 R 3 , CCON^ 
C(N~OH)NH 2 , OPO^, OPOjCCH^H,, CH 2 P0 3 R 3 , OSOjR,, OSO^CH^^CH,, CH 2 S0 3 R 3 , 

10 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CttiCHy)^ 

CH^HCCH^ CH(CH 3 )(CH 2 ) m CH 3 , or (CH^CH,, where m is an integer from 0 to 3; 
wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH.CHCCH,),, CHCCH^CH^CH,, or (CH^CH,, 
where m is an integer from 0 to 3; wherein, R4 = R 3 , OR 3 , or N(R 3 ) 2 . 

Also provided are chromogenic sialidase substrate compounds having the following 

15 formula: 




General Structure nib 



wherein, R, = H, OR 3 , OC(0)R 4 , N0 2 , NH* ^(R^ CI, Br, I, F, CHO, C0 2 R 3 , C(0)N(R 3 ) 2 , 
C(N~OH)NH 2 , OP0 3 R 3> OPO^CH^jCH,, CH 2 P0 3 R 3 , OSO^, OSO^CHOpi,, CI^SO^, 
or CN, where j is an integer from 0 to 3; wherein, R 2 = H, CCCH^, CHCCH^, 
20 CH 2 CH(CH 3 ) 2 , CHCOyCCH^CH,, or (CH^CH,, where mis an integer from 0 to 3; 
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wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 )2, CHCCH^CH^CH,, or (CH^CH,, 
where m is an integer from 0 to 3; wherein, R< = R 3 > OR 3 , or N(R 3 ) 2 . 

Also provided are chromogenic sialidase substrate compounds having the following 
formula: 




General Structure IVa 



wherein, R, = H, OR*, OC^R* N0 2 , NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, CO^, C^N^ 
C(N~OH)NH 2 , OP0 3 Rg, OP0 2 (CH 2 ),CH 3 , O^FO^, OS0 3 R*, OS0 2 (CRJjCR 3 , CH 2 S0 3 R 8 , 
or CN, where jisan integer from 0 to 3; wherein, R 2 = H, ORg, OC(0)R 9 , N0 2 , NH 2 , N(Rg) 2 , 
CI, Br, I, F, CHO, CO^, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 Rg, 

10 OSO^, OSOaCCHJj^CHj, CH 2 S0 3 Rg, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

H, ORg, OC^R* N0 2 , NH 2 , Nfl^, CI, Br, I, F, CHO, C0 2 Rg, C(0)N(Rg) 2 , C(N~OH)NH 2 , 
OPO^, OPO^CH^CHa, CH 2 P0 3 Rg, OS0 3 Rg, OSO^CH^CH^ CH 2 S0 3 R 8 , or CN, where j 
is an integer from 0 to 3; wherein, R4 = H, ORg, OCCOJR* N0 2 , NH 2 , N^^, CI, Br, I, F, 
CHO, C0 2 Rg, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 R„ OPO^CH^CH,, CH^^, OSO^ 

15 OSOjCCH^CH^ CH 2 S0 3 R 8 , or CN, where j is an integer from 0 to 3; wherein, R 5 = H, ORg, 

OC^R* NO,, NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, C0 2 Rg, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, 
OPO^CH^CHj, CH 2 P0 3 Rg, OS0 3 Rg, OSO^CH^CHs, CH 2 S0 3 Rg, or CN, where j is an 
integer from 0 to 3; wherein, R* = H, ORg, OC(0)R 9 , N0 2 , NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, 
CO^, C(0)N(Rg)2, C(N~OH)NH 2 , OP0 3 Rg, OPO^CH^CH,, CH.PO.Rg, OSOjRg, 

20 OSO^CH^C^, CH 2 S03Rg, or CN, where j is an integer from 0 to 3 ; wherein, R 7 = H, ORg, 

OC^R* N0 2 , NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, CO^, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, 
OPO^CH^CH,, CH 2 P0 3 Rg, OS0 3 Rg, 0S0 2 (CH 2 ),CH 3J CH 2 S0 3 Rg, or CN, where j is an 
integer from 0 to 3; wherein Rg = H, CXCH^, CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , 
CH(CH 3 )(CH 2 ) ffl CH 3 , or (CH^CHa, where m is an integer from 0 to 3; wherein, R, = R 8 , 

25 ORg,orN(Rg) 2 . 

Also provided are chromogenic sialidase substrate compounds having the following 
formula: 
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General Structure IVb 



wherein, R, = H, OR*, OC(0)R* NO* NH* Nfltg)* CI, Br, I, F, CHO, C0 2 Rg, C^N^)* 
C(N~OH)NH 2 , OPOaRg, OP0 2 (CH 2 ) J CH 3 , CH 2 P0 3 Rg, OSO^, OS0 2 (CH 2 ) > CH 3 , CH^OjRg, 
or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR*. OCXOJR* NO* NH 2 , NCR^, 
CI, Br, I, F, CHO, C0 2 Rg, C^N^)* CfN-OIONH* OP0 3 Re f OP0 2 (CH 2 ),CH 3 , CH^O^Rg, 

5 OSOaRa, OSO^CH^CHa, CHjSOjRg, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

H, ORfl, OC(0)R 9 , N0 2 , NH 2 , N(Rg) 2 , a, Br, I, F, CHO, CO^, C(0)N(Rg) 2 , C(N~OH)NH 2 , 
OPOjRg, OPO^CH^CH* CH^Rg, OSOjRg, OSO^CH^CH* CHzSOjRg, or CN, where j 
is an integer from 0 to 3; wherein, R» = H, OR*, OC^R*, N0 2 , NH 2 , N(Rg) 2 , CI, Br, I, F, 
CHO, C0 2 Rg, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, OPO^CH^CH,, CH^O.Rg, OSOjRg, 

1 0 OSO^CH^CH* CH 2 S0 3 Re, or CN, where ; is an integer from 0 to 3; wherein, Rj = H, ORg, 

OC(0)R 9 , N0 2 , NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 R 8 , 
OPO^CHJ^CH,, CH 2 P0 3 Rg, OS0 3 Rg, OSO^CH^CHa, O^SOjRg, or CN, where j is an 
integer from 0 to 3; wherein, R 6 = H, ORg, OCfl^R*, NO* NH* N(Rg)* CI, Br, I, F, CHO, 
COA, C(0)N(Rg) 2 , CfN-OIONH* OP0 3 Rg, OPO^CT^CH* CHjPOsRg, OSOjRg, 

1 5 OSO^CH^CH* CH 2 S0 3 Rg, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, OR B , 

OC(0)R>, N0 2 , NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, C0 2 Rg, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, 
0P0 2 (CH 2 ) / CH 3 , CHjPOjRg, OSOjRg, OSO^CH^CH* CH 2 S0 3 Rg, or CN, where j is an 
integer from 0 to 3; wherein, Rg = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 )2, 
CH(CH 3 )(CH 2 ) m CH 3 , or (CH^CHj, where m is an integer from 0 to 3; wherein, R9 = Rg, 

20 ORg,orN(Rg) 2 . 

The subject invention further pertains to analogs, salts, derivatives, and mixtures of 
the subject compounds. 



25 



Byjef PespriptiQn of the Prawjqgs 
Figure la. A red color change produced by the substrate compound 14 (a) no 
sialidase added (left), (b) with sialidase added (right). 
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Figure lb. An orange color change produced by the substrate compound 1 1 (a) no 
sialidase added (left), (b) with sialidase added (right). 

Figure 2 - synthetic approaches for selected examples from General Structure I are 
summarized in this reaction scheme. 
5 Figure 3 - synthetic approaches for selected examples from General Structure II are 

summarized in this reaction scheme. 

Figure 4 - synthetic approaches for selected examples from General Structures ma 
and Illb are summarized in this reaction scheme. 

Figure 5 - synthetic approaches for selected examples from General Structures IVa 
1 0 and IVb are summarized in this reaction scheme. 

Figure 6 - shows an overall scheme for the preparation of methyl JV-acetyl-fJ-D- 
neuraminate (2), methyl iV-acetyM,7,8,9-tetra-(>acetyl-2-chloro-2-deoxy-I>neuraminate 
(3), methyl JV-acetyl-4,7,8,9-tetra-0-acetyl-2-O-(4-fom^ (4) 9 an d 

AT-acetyl-2-0-(4-formylphenyl)-p-D-neuraminic acid (5). 
15 Figure 7 - shows an overall scheme for the preparation of N-acety 1-2-0- [4-(2- 

nitrovinyl)phenyl]-a-D-neuraminic acid (6). 

Figure 8 - shows an overall scheme for the preparation of 4-hydroxy-2- 
methoxybenzaldehyde (8), methyl iV-acetyl-4,7,8,9-tetra-0-acetyl-2-0-(4-formyl-3- 
methoxyphenyl)-a-D-neuraminate (9), and^-acetyl-2-0-(4-formyl-3-methoxyphenyl)-a-D- 
20 neuraminic acid ( 1 0). 

Figure 9 - shows an overall scheme for the preparation of 7V-acetyl-2-(9-[3-methoxy- 
4-(2-nitrovinyl)phenyl]-a-D-neuraminic acid (11). 

Figure 10 - shows an overall scheme for the preparation of methyl AT-acetyl-4,7,8,9- 
tetra-0-acetyl-2-0-(4-formyl-2-methoxyphenyl)-a-D-neuraminic acid (12) and JV-acetyl-2- 
25 0-(4-formyl-2-methoxyphenyl)-a-D-neuraminic acid (13). 

Figure 11 - shows an overall scheme for the preparation of 7/-acetyl-2-0-[2- 
methoxy-4-(2-nitrovinyl)phenyl]-a-D-neuraminic acid (14). 

Figure 12 - shows the overall scheme for preparation of AT-acetyl-2-0-(5-bromo-4- 
chloroindol-3-yl)-a-D-neuraminic acid (28). 



30 



Detailed Disclosure of the Invention 
The subject invention pertains to materials and methods useful for detecting 
sialidase. Sialidase is an enzyme known to be associated with a variety of pathological 
conditions. Sialidases are produced by bacteria, viruses, and protozoa; therefore, detecting 
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the presence of sialidase in a biological sample can be indicative of the presence of these 
microbes. In specific embodiments, the detection of sialidases can be performed according 
to the subject invention in order to identify vaginal and periodontal infections, as well as to 
detect Pseudomonas aeruginosa in cystic fibrosis patients. 
5 The presence of sialidase is detected according to the subject invention through the 

use of novel chromogenic substrate compounds. These compounds advantageously provide 
a visible color change when acted upon by sialidase. Thus, these substrates, when utilized 
according to the teachings of the subject invention, can be used to easily and accurately 
detect the presence of sialidase in a sample. In a preferred embodiment, the sample which is 

10 tested is a biological sample such as blood, mucous, saliva, and the like. 

The subject invention provides compounds having structures as shown in General 
Structures I, II, Ilia, nib, IVa, and IVb. The invention further includes derivatives, analogs, 
and salts of the exemplified compounds. These derivatives, analogs, and salts, which can 
readily be prepared by one skilled in the art and having the benefit of the instant disclosure, 

15 fall within the scope of the present invention so long as such compounds have the 

characteristic of producing a color change when acted upon by a sialidase enzyme. 

The compounds of the subject invention can be employed in a wide variety of assay 
formats. Typically, the assay will involve contacting a sample to be tested for the presence 
of sialidase with a chromogenic enzyme substrate of the subject invention. A color change 

20 occurring after the sample is contacted with the substrate is indicative of the presence of 

sialidase. The assay may optionally utilize positive and/or negative controls to aid in the 
interpretation and verification of the results. The results may also be quantified using 
standard optical measuring instrumentation. 

25 Materia^ and Methods 

Biochemical Evaluation for the Chromogenic Product of Sialidase Substrate 
Compounds . Sialidase can be obtained from, for example, purified recombinant bacterial 
sialidase from Salmonella T. ( whole influenza virus, or culture medium containing secreted 
human sialidase from 2CFSM£e cell line. The sialidase preparation is added to a buffer of 

30 0. 1 M sodium acetate at pH6.0, and the substrate compound is provided at about 0.5 mM 

concentration. The reaction takes place in room temperature for 20 mins in a volume of 100 
jd. At the end of the reaction, die pH is adjusted by adding a solution (0.2 M glycine, and 
sodium hydroxide with a pH value of 1 1.0). A color change is readily visible as exemplified 
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by Figures la and lb. The color change can be quantitated by measuring the light absorption 
of the reaction mixture. 

Figure la shows a red color change produced by the substrate compound 14 (a) no 
sialidase added (Left), (b) with sialidase added (right). Figure lb shows an orange color 
5 change produced by the substrate compound 1 1 (a) no sialidase added (left), (b) with 

sialidase added (right). 

General Me thodologies . The following general methods are applicable to the 
synthesis of compounds of the invention. Modifications or variations of these methods can 
readily be utilized by those skilled in the art having the benefit of the instant disclosure. 
10 Esterification . #-Acetyl-D-neiiraminic acid is treated with methanol-washed Dowex 

50W-X4 in methanol with stirring at room temperature for a period of time, generally 4 h. 
The mixture is filtered, and the filtrate is concentrated to give the desired esterified product 
after crystallization. 

Those skilled in the art would recognize that other standard procedures are available 

15 for esterification of the same material, such as the use of other cation exchange resins, e.g., 

Amberlyst 15 or Dowex 50W-X8, among others. 

O-Acetylatjqn and Glycol Cftlorjjde Preparation. Treatment of the esterified 
product with acetyl chloride with stirring at room temperature under anhydrous conditions 
for a period of time, generally 20-24 h, results in formation of the per-O-acetylated glycosyl 

20 chloride. Note that in some instances the bubbling of dry hydrogen chloride (gas) into the 

reaction vessel is necessary to effect glycosyl chloride formation. Concentration of the 
reaction mixture with the water bath temperature not exceeding 35 °C, and drying the residue 
in vacuo provides the product as a foam sufficiently pure for subsequent reactions. 

Those skilled in the art would recognize that other standard procedures are available 

25 for 0-acetylation and glycosyl chloride preparation of the same material, including a 

previously reported two-step procedure (Kuhn, et al 9 1966) which involves 
per-O-acetylation of the same material with acetic anhydride in perchloric acid, followed by 
formation of the glycosyl chloride by treatment with acetyl chloride. 

O-Grvcosvlation . Treatment of the substituted hydroxybenzaldehyde derivative with 

30 sodium hydride in tetrahydrofuran with stirring at room temperature for a period of time, 

generally 1-3 h, results in formation of the sodium salt. Subsequent treatment of the sodium 
salt with the glycosyl chloride (compound 3) with stirring, for a period of time, generally 12- 
60 h, at room temperature results in O-glycosylation. Concentration of the reaction mixture, 
treatment of the residue with ethyl acetate and water, separation and drying of the organic 
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phase, concentration of the organic phase, and column chromatography of the crude material 
affords the desired 0-glycoside. 

Those skilled in the art would recognize that other standard procedures are available 
for 0-glycosylation of the same materials, such as traditional Lewis Acid-mediated 
5 Oglycosylation methodologies (Okamoto and Goto, 1990), as well as the use of alternate 

salts of the substituted aromatic hydroxyl derivative, including tetrabutylammonium (Baggett 
and Marsden, 1 982) or silver (Holmquist and Brossmer, 1972) salts, among others. 

De-O-acetvlation and De-esterification. The protected O-glycoside is taken up in 
aqueous sodium hydroxide and stirred at room temperature for a period of time, generally 1- 
10 4 h. The mixture is then adjusted to pH 3-5 with Dowex 50W-X4 (H+) resin. Filtration, 

followed by lyophilization of the filtrate affords the desired de-Oacetylated and de-esterified 
material. 

Those skilled in the art would recognize that other standard procedures are available 
for the complete de-O-acetylation and de-esterification of the same material, including a 
15 two-step procedure which involves complete de-O-acetylation of the same material with 

sodium methoxide in methanol or with an appropriate ion exchange resin, e.g. Amberlite 
IRA-400 (OH-), followed by de-esterification using conditions of acid hydrolysis or base 
hydrolysis. 

Synthesis of Chromogenic Substrates of Sialidases 
20 A. Compounds with General Structure I and their salts and derivatives, may be 

prepared using any of several methods known in the art for the synthesis of substituted sialic 
acid analogs containing analogous structures. 

To illustrate, synthetic approaches for selected examples (Figure 2) from General 
Structure I are summarized in the following reaction scheme and are representative of the 
25 types of procedures which can be employed. Table 1 lists specific compounds, the synthesis 

of which is exemplified herein. 
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In another specific embodiment, the subject invention includes compounds having 
the following structures: 
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AcHN 
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15 



AcHN 




Advantageously, these compounds produce a blue color change when acted upon by a 

20 sialidase. 

Figure 2 illustrates constructing a basic skeleton of General Structure I via 
acid-mediated esterification of commercially available JV-acetyl-D-neurammic acid (1) to 
provide methyl #-acetyl-D-neuraminate (2), and subsequent per-O-acetylation and 
generation of the glycosyl chloride (3) according to modifications of known procedures 

25 (Kuhn et al. 9 1966; Ogura et al 9 1986; Patel and Richardson, 1986). Treatment of 

compound 3 with the sodium salt of numerous substituted hydroxybenzaldehyde derivatives 
would provide the key intermediates to the desired targets (compounds 4, 9, and 12). 
Generation of the sodium salt would be accomplished with sodium hydride in 
tetrahydrofuran. This method of O-glycosylation has already been applied in the 

30 stereoselective preparation of numerous -O-glycosides of JV^acetyl-D-neuraminic acid 

(Myers, et al, 1980; Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and 
Brossmer, GlycoconjugateJ., 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) 
derived from aromatic hydroxyls. However, none of the products described herein are 
contained m the aforementioned references. Synthetic approaches to or references to 
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synthetic approaches to intermediates (1) and (2) are contained in the aforementioned 
references. Subsequent de-0-acetylation and de-esterification of the resulting intermediates 
can be accomplished with an aqueous sodium hydroxide solution and workup involving 
acidification of the reaction medium. This provides access to the formyl substituted 
5 phenolic-O-glycosides (compounds 5, 10, and 13). 

Treatment of the derived targets (compounds 5, 10, and 13) with nitromethane, 
ammonium acetate, and acetic acid in ethanol under reflux provides access to the desired 
nitrovinyl targets (compounds 6, 1 1, and 14). This procedure has been utilized in the 
preparation of nitrovinyl analogs of other monosaccharides (Patel and Richardson, 1986; 
10 Aamlid, et al. 9 1990) as chromogenic substrates for the assay of glycosidases; however, none 

of the products or intermediates described herein are contained in the aforementioned 
references. 

It should also be noted that the p-nitrophenyl ^-glycoside of JV-acetytaeuraminic 
acid (General Structure I, wherein, R, = R 2 = R» = R s = H and R 3 = N0 2 has been reported as 

15 a chromogenic substrate of sialidases (Eschenfelder and Brossmer, Carbohydr. Res. ,1987). 

Condensation of compounds 5, 10, or 13 with any of numerous aromatic keto compounds in 
the presence of ammonia and ammonium chloride, provides ready access to numerous 
chromogenic substrates of sialidases (for representative examples, see compounds 15 and 16 
Figure 2) of General Structure I. 

20 B. Compounds with General Structure II and their salts and derivatives, may be 

prepared using any of several methods known in the art for the synthesis of substituted sialic 
acid analogs containing analogous structures. 

To illustrate, synthetic approaches for selected examples from General Structure II 
(Figure 3) are summarized in the following reaction scheme and are representative of the 

25 types of procedures to be employed. Figure 3 illustrates constructing a basic skeleton of 

General Structure II via acid-mediated esterification of commercially available 
A^acetyl-D-neuraminic acid (1) to provide methyl iV-acetyl-D-neuraminate (2), and 
subsequent per-0-acetylation and generation of the glycosyl chloride (3) according to 
modifications of known procedures (Kuhn et aL, 1966; Ogura et aL 9 1986; Patel and 

30 Richardson, 1986). Treatment of any of numerous substituted indoxyl 1,3-diacetate 

compounds (compound 17) with sodium methoxide in anhydrous iV^V-dimethylfonnamide 
readily provides the modified 3-hydroxy indole (compound 18). This procedure has been 
utilized in the preparation of 5-bromo-3-hydroxyindole (compound 18, wherein, R, = R 3 = R* 
= H and R 2 = Br) (Eschenfelder and Brossmer, Gfycoconjugate J. y 1987). Subsequent 
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treatment of the compound 18 with compound 3 in anhydrous ^^-dimethylformamide 
provides the desired modified indole O-glycoside (compound 19) according to a known 
procedure for the preparation of methyl A^-acetyMJ^^-tetra-O-acetyl-l-^S-bromonidol- 
3-yl)-a-D-neuraminate (compound 19, wherein, R ! = R 3 = R 4 = R 5 = H and R 2 = Br) 
5 (Eschenfelder and Brossmer, Glycoconjugate J. > 1987). Analogously, 3-indolyl 

0-glycosides of other monosaccharides have been prepared using these and alternate 
conditions (Robertson, 1927; Freudenberg, et ai, 1952; Anderson and Leeback, 1961; 
Horwitz, et al 9 1964; Ley, et al. y 1987); however, none of the products or intermediates 
described herein are contained in the aforementioned references. Treatment of compound 19 

1 0 with sodium hydride in tetrahydrofuran, followed with an alkyl halide (RjBr) would provide 

the JV-alkylated product. Subsequent de-O-acetylation and de-esterification of the resulting 
intermediates can be accomplished with an aqueous sodium hydroxide solution and workup 
involving acidification of the reaction medium. This provides access to the substituted 
indole -^glycosides (compound 20). It should be noted that tf-acetyl-2-0-(5-bromomdol-3- 

15 yl)-a-D-neuraminic acid (compound 20, wherein, Ri = R 5 = R4 = R 5 = H and R 2 = Br) has 

been utilized as a chromogenic substrate for sialidases of many different origins 
(Eschenfelder and Brossmer, Glycoconjugate /. , 1 987). 

C. Compounds with General Structures IEa and IEb and their salts and derivatives, 
may be prepared using any of several methods known in the art for the synthesis of 

20 substituted sialic acid analogs containing analogous structures. 

To illustrate, synthetic approaches for selected examples from General Structures 
Ilia and nib are summarized in Figure 4 and are representative of the types of procedures to 
be employed. Figure 4 illustrates constructing a basic skeleton of General Structures 
Ula/inb via acid-mediated esterification of commercially available JV-acetyl-D-neuraminic 

25 acid ( 1 ) to provide methyl A^-acetyl-D-neuraminate (2), and subsequent per-0-acetylation 

and generation of the glycosyl chloride (3) according to modifications of known procedures 
(Kuhn et al y 1966; Ogura et al, 1986; Patel and Richardson, 1986). Treatment of compound 
(3) with the sodium salt of numerous substituted coumarin derivatives provides the key 
intermediates to the desired targets (compound 21). Generation of the sodium salt can be 

30 accomplished with sodium hydride in tetrahydrofuran. This method of O-glycosylation has 

already been applied in the stereoselective preparation of numerous -O-glycosides on N- 
acetyl-D-neuraminic acid (Myers, et ai 9 1980; Eschenfelder and Brossmer, Carbohydr. Res., 
1987; Eschenfelder and Brossmer, Glycoconjugate J. 9 1987; Okamoto and Goto, 1990; 
Warner and O'Brien, 1979) derived from aromatic hydroxyls, including specific examples 
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for the preparation of a substituted coumarin 0-glycoside (compound 21, wherein, R, = H 
and R 2 = CH 3 ) (Warner and O'Brien, 1979; Myers, et al., 1980). Subsequent de-0- 
acetylation and de-esterification of the resulting intermediates can be accomplished with an 
aqueous sodium hydroxide solution and workup involving acidification of the reaction 
S medium. This provides access to the modified coumarin 0-glycosides (compound 22). 

D. Compounds with General Structures IVa and IVb and their salts and derivatives, 
may be prepared using any of several methods known in the art for the synthesis of 
substituted sialic acid analogs containing analogous structures. 

To illustrate, potential synthetic approaches for selected examples from General 

10 Structures IVa and IVb are summarized in Figure 5 and are representative of the types of 

procedures which can be employed. Figure 5 illustrates constructing a basic skeleton of 
General Structure IVa/TVb via acid-mediated esterification of commercially available 
W-acetyl-D-neuraminic acid (1) to provide methyl 7V-acetyl-D-neuraminate (2), and 
subsequent per-O-acetylation and generation of the glycosyl chloride (3) according to 

1 5 modifications of known procedures (Kuhn et al. , 1 966; Ogura et al , 1 986; Patel and 

Richardson, 1986). Treatment of compound (3) with the sodium salt of numerous substituted 
naphthol derivatives would provide the key intermediates to the desired targets (compound 
23). Generation of the sodium salt can be accomplished with sodium hydride in 
tetrahydrofuran. This method of O-glycosylation has already been applied in the 

20 stereoselective preparation of numerous -O-glycosides on jV-acetyl-D-neurarjiinic acid 

(Myers, et al. y 1980; Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and 
Brossmer, Gfycoconjugate 7., 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) 
derived from aromatic hydroxyls. However, none of the products described herein are 
contained in the aforementioned references. Synthetic approaches to, or references to 

25 synthetic approaches to, intermediates (1) and (2) are contained in the aformentioned 

references. Subsequent de-O-acetylation and de-esterification of the resulting intermediates 
can be accomplished with an aqueous sodium hydroxide solution and workup involving 
acidification of the reaction medium. This would provide access to the modified naphthyl 
O-glycosides (compounds 24). 

30 F. Biochemical Evaluation for the Chro mogenic Product of the Sialidase Substrate 

Compound . The source of sialidase was from purified recombinant bacterial sialidase from 
Salmonella T., whole influenza virus, or culture medium containing secreted human sialidase 
from 2CFSME0 cell line. Hie sialidase preparation was added to a buffer of 0.1 M sodium 
acetate at pH6.0, and the substrate compound 14 was provided at about 0.5 mM 
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concentration. The reaction took place in room temperature for 20 mins in a volume of 100 
lA. At the end of the reaction, the pH was adjusted by adding a solution ( 0.2 M glycine, and 
sodium hydroside with a pH value of 1 1.0). A color change to red was readily visible as 
examplified by Figures la and lb. The color change was quantitated by measuring the light 
absorption of the reaction mixture. The light absorption was scanned with a 
photospectrometer. The peak value for compound IBX4010 is 495 nm. At a substrate 
concentration of 0.2 mM, the light absorption at 495 nm with a I cm path is 1.203. The 
control in which the reaction mixture was kept under the same condition for 1 0 minutes 
without addition of any enzyme had an absorption of 0.282 at 495 nm with a 1 cm path. 

Compound 1 1 was tested by the same method. At the end of the reaction with pH 
adjusment, a color change to orange was readily visible as exemplified by Figures la and lb. 
The color change was quantitated by measuring the light absorption of the reaction mixture. 
Ten minutes after the reaction, the mixture of the reaction product was adjusted to basic pH 
and the light absorption was scanned with a photospectrometer. The peak value for 
compound IBX4023 is 480 nm. At a substrate concentration of 0.2 mM, the light absorption 
at 480 nm with a 1 cm path is 4.065. The control in which the reaction mixture was kept 
under the same condition for 10 minutes without addition of any enzyme had an absorption 
of 1.452 at 480 nm with a 1 cm path. 

G. Classes of Chromogenic Substrate Compounds o f Sialydases . As used herein, the 
"effective amount" of a compound of the invention required for the use in the method 
presented herein will differ not only with the particular compound to be selected but also 
with the mode of application, and the nature of the sample specimen. The exact amount will 
be evaluated by testing with a sufficient number of clinical samples in each application as 
conducted by persons skilled in the art. However, a generally suitable concentration will 
range from about 0.1 to about 10 mM/ml of testing solutions. Furthermore, the compounds 
may be used as pure chemical applied to a test solution, or as a pure chemically acceptable 
salt or derivative. However, it is preferable to provide the active chemical or its chemically 
acceptable salt or derivative, as a medicinal formulation, either as a dry material (reaction 
solution provided seperately), or as a solution or suspension (an aqueous solution or other 
chemically acceptable solvent solutions), or as a dip stick. The subject specimen can be 
applied to the test for measuring the activity levels of sialidases. Those skilled in the art 
having the benefit of the instant disclosure will appreciate that amounts and modes of 
application are readily determinable without undue experimentation. 
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The following detailed examples for methods of preparation are for illustration only, 
and are not intended to represent a limitation of the invention. The structures of the 
compounds whose preparations are described below are summarized in Table 1 for modified 
phenol derivatives and in Figure 3 (for a single example where R, = CI; R 2 = Br, R y = = R s 
= H). In all cases synthetic intermediates and products were found to be pure according to 
standards known to those skilled in the art (such as thin layer chromatography, melting or 
boiling points, gas chromatography, ion exchange chromatography, and/or high pressure 
liquid chromatography, elemental analysis, and spectroscopic methods). Furthermore, 
structures were characterized and assigned by spectroscopic methods considered standard 
practices by those skilled in the art (such as infrared, ultraviolet, and mass spectroscopies, l H 
and l3 C nuclear magnetic resonance spectroscopy, and/or x-ray crystallography). Selected 
spectral data are described for intermediates and products. 

Example 1 - Preparqtigns Q f msftryl ^pgty^p^P-neiiraminate (?), methyl 
W-acetyH J,g t 9-tetra-P-a^^ (3), mpfryl 

AT-aqetyH.7.8.9-tetra-^^ (4), and 

7V-acetvl-2-(3-(4-formvlphenvlVa-D-neurammic acid (5) 
The overall scheme is shown in Figure 6. 

Prq?aratiQn pf Me%l A^Ceryl-p-JD-neuraminate {?). To a stirred suspension of 
i^acetylneuraminic acid (1) (10.0 g, 32.3 mmol) in methanol (1.0 L) was added 
methanol-washed Dowex 50W-X4 (25.0 g) under a nitrogen atmosphere at room temperature 
protected from light. The resulting mixture was allowed to stir at room temperature for 4 h. 
The mixture was filtered and the filtrate was concentrated to dryness. The residue was 
crystallized from methanol to afford pure compound (2) (10.1 g, 96%): mp I78-180°C (d). 
A literature reference (Kuhn et a/., 1966) reports mp 179-180°C. A second literature 
reference (Ogura et a/., 1986) reports mp 180-182°C. 

! H NMR (D 2 0): ( 1.73 (dd, 1 H, 12.0 Hz,^ 13.3 Hz, H-3a), 1.87 (s, 3 H, 
NAc), 2.14 (dd, 1 H, J^ 4 5.0 Hz, H-3e), 3.33-3.48 (m, 2 H), 3.52-3.58 (m, 1 H), 3.62-3.68 
(m, 1 H), 3.65 (s, 3 H, C0 2 CH 3 ), 3.69-3.76 (m, 1 H), 3.84-3.92 (m, 2 H). 

Preparation <?f Methyl MacetyH^^^-tefra-O-acetyl-^chtoro-g-deoxy-D- 
neuraminate (3) . A suspension of compound (2) (3.67 g, 1 1.3 mmol) in acetyl chloride (225 
mL) was stirred under anhydrous conditions at room temperature protected from light for 24 
h. The resulting solution was concentrated to dryness, the residue was coevaporated with 
anhydrous ether (2 X 50 mL), followed by coevaporations with anhydrous benzene (2 X 50 
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mL). Note that in all evaporations, the water bath temperature was maintained at or below 
35 °C. The residue was dried in vacuo to afford pure compound (3) (4.8 g, 83%) as a syrup. 
A literature reference (Ogura et al y 1986) reports mp 116-1 18°C; whereas, a second 
literature reference (Kuhn et ai 9 1966) reports compound (3) as a syrup. 

'H NMR (CDC1 3 ): ( 1.92 (s, 3 H, NAc), 2.06, 2.07, 2.10, 2.14 (4 s, 12 H, 4 X OAc), 
2.28 (dd, 1 H, y 3M 1 1 .3 Hz, 1 3.5 Hz, H-3a), 2.79 (dd, 1 H, J M 4.5 Hz, H-3e), 3.89 (s, 3 
H, C0 2 CH 3 ), 4.07 (dd, t H, J %s , 5.6 Hz, J rr 11.6 Hz, H-9*), 4.13-4 2% (m, 1 H, H-5), 4.36 
(dd, 1 H, 2.5 Hz, J 5A 10.5 Hz, H-6), 4.43 (dd, 1 H, J v 2.9 Hz, H-9"), 5.18 (ddd, 1 H, J„ 
6.7 Hz, H-8), 5.40 (ddd, 1 H, 10.4 Hz, H-4), 5.49-5.52 (m, 2 H, H-7, NH). 

Preparation of Methvl #-acetvl-4.7.8.9-tetra^^ 
neuyaminate (4). To a stirred solution of 4-hydroxybenzaldehyde (121 mg, 0.98 mmol) in 
anhydrous tetrahydrofuran (6.0 mL) was added portionwise sodium hydride (48 mg of a 60% 
dispersion in mineral oil, 12 mmol) under a nitrogen atmosphere at room temperature. The 
resulting mixture was allowed to stir at room temperature for 25 min. The mixture was 
treated with compound (3) (500 mg, 0.98 mmol) and the resulting mixture was stirred under 
a nitrogen atmosphere at room temperature for 52 h. The mixture was concentrated to 
dryness, the residue was diluted with ethyl acetate (15 mL), and washed with water (15 mL). 
The aqueous phase was extracted with ethyl acetate (3X15 mL), and combined organic 
phases were dried with magnesium sulfate, filtered, and the filtrate was concentrated to 
dryness. The residue was chromatographed (silica gel, 1:1 acetone-hexanes as eluting 
solvent) to afford pure compound (4) (238 mg, 41%): R f = 0.26 (1:1 acetone-hexanes; UV, 
H 2 S0 4 ). 

'H NMR (CDCI3): ( 1.95 (s, 3 H, NAc), 2.07, 2.09, 2.13, 2.22 (4 s, 12 H, 4 X OAc), 
2.32 (ut, 1 H, = J3M = 13.2 Hz, H-3a), 2.77 (dd, 1 H, J^ 4 5.0 Hz, H-3e), 3.67 (s, 3 H, 
C0 2 CH 3 ), 4.10-4.22 (m, 2 H), 4.24-4.32 (m, 1 H), 4.63 (dd, 1 H, /2.0 Hz, J 1 1 .7 Hz), 4.97- 
5.06 (m, 1 H), 5.30 (d, i H, J 12.6 Hz), 5.41 (s, 2 H), 7.20 (d, 2 H, 79.6 Hz, 2 X ArH), 7.86 
(d,2H,79.6Hz,2XArH), 9.95 (s, 1 H, CHO). 

Preparation of JV-Acetvl^-Q-^formvlphenvn-g ^neuraminic acid (5V A solution 
of compound (4) (171 mg, 0.29 mmol) m aqueous sodium hydroxide (5.0 mL of a 1.0 M 
solution, 5.0 mmol) was stirred at room temperature for 2 h. The resulting mixture was 
cooled to 0°C and treated with methanol-washed Dowex 50W-X4 til pH 3. The mixture was 
filtered, the filtered resin was rinsed with water, and the filtrate was lyophilized to afford 
compound (5) (1 18 mg, 99%): R f = 0.31 (5:2:1 ethyl acetate-methanol-0.02% aqueous 
calcium chloride; UV, H 2 S0 4 ). 
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'H NMR (D 2 0): ( 2.08 (s, 3 H, NAc), 2.05-2.12 (m, 1 H, H-3a), 2.84 (dd, 1 H, J M 
5.6 Hz, 13.1 Hz, H-3e), 3.58-3.69 (m, 2 H), 3.82-3.90 (m, 3 H), 3.92-4.10 (m, 1 H), 4.21 
(dd, 1 H, J 1 .9 Hz, J 1 1 .3 Hz), 7.32 (d, 2 H, J 9.6 Hz, 2 X ArH), 7.92 (d, 2 H, J 9.6 Hz, 2 X 
ArH), 9.84 (s, lH,CHO). 

Example 2 - Preparation of ^aceWl-2-Q-r4-f2-nitrovinviyhenvll-tt-D-neumminic acid (Q 

The overall reaction scheme is shown in Figure 7. For the preparations of methyl 
^acetyl-p-D-neuraminate (2), methyl N-acetyl-4,7,8 5 9-tetra-0-acetyl-2-chloro-2-deoxy- 
I>neurammate (3), methyl A^acetyl-4,7,8,9-tetra-0-acetyl-2-0-(4-formylphenyl)-a-D- 
neuraminate (4), and ^-acetyl-2-0-(4-formylphenyl)-a-D-neuraminic acid (5), see the 
experimental details for Example 1. 

To a stirred solution of compound (5) (50 mg, 0.10 mmol) in a mixture of ethanol 
(2.0 mL) and acetic acid (0.05 mL) was added ammonium acetate (50 mg, 0.65 mmol) and 
nitromethane (0.20 mL, 3.70 mmol) at room temperature. The reaction mixture was heated 
under reflux for 30 min, cooled to room temperature, and evaporated to dryness. The residue 
was chromatographed (silica gel, 5:2:1 ethyl acetate-methanol-0.02% aqueous calcium 
chloride as eluting solvent) to afford pure compound (6) (32 mg, 68%): R f = 0.50 (5:2:1 
ethyl acetate-methanol-0.02% aqueous calcium chloride; UV, H 2 SO<). 

■HNMR(D 2 0): ( 2.05 (s, 3 H, NAc), 1.95-2.02 (m, 1 H, H-3a), 2.89 (dd, 1 H,7 3M 
52 Hz, J M 12.9 Hz, H-3e), 3.57-3.69 (m, 2 H), 3.85-4.00 (m, 4 H), 4.06 (dd, 1 H, J 1.5 Hz, 
J 10.5 Hz), 7.22 (d, 2 H, J 9.0 Hz, 2 X ArH), 7.64 (d, 2H,J 9.0 Hz, 2 X ArH), 7.83 (d, 1 H, J 
13.5 Hz, H-vinylic), 8.13 (d, 1 H, J 13.5 Hz, H- vinylic). 

Example 3 - Preparation of 4-hvdroxv-2-methoxvbenzaldehvd e (8V methyl Af-acetvM.7.8.9- 
tetra-Q-acetvl-2-<^4-f^^ (9\ and 

j^aceM>2-0-r4-formvl-3-methoxvphenvlVa-D-neuraminic acid 

The overall reaction scheme is shown in Figure 8. 

For the preparation of methyl W-acetyl-a-D-neuraminate (2), methyl 
JV^acetyl-4,7,8,9-tetra-0-acetyl-2^ (3), see the experimental 

details presented previously. 

Preparation of 4-Hvdroxv-2-methoxvhen7 aldehvde ( 8V To a stirred solution of 
3-methoxyphenol (14.9 g, 120 mmol) in 15% aqueous potassium hydroxide (500 mL) was 
added chloroform (100 mL). The resulting solution was heated under reflux for 4 h, cooled 
to room temperature, and treated with 10% aqueous hydrochloric acid til pH 4. The 
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suspension was filtered, and the filter cake was rinsed with chloroform (150 mL). The 
chloroform phase was separated, the aqueous phase was extracted with additional portions of 
chloroform (3 X 50 mL), and the combined organic phases were dried with magnesium 
sulfate. The solution was then filtered through a short column (silica gel, chloroform as 
eluting solvent) to afford compound (8). Crystallization from ethyl acetate gave pure 
compound (8) (1.8 g, 10%): mp 150-152°C. A literature reference (Patel and Richardson, 
1986) reports mp 154-156°C. Additional references (Tiemann and Koppe, 1881; de Kiewiet 
and Stephen, 1931) report mp 153°C. 

■H NMR (CDC1 3 ): ( 3.87 (s, 3 H, OCH 3 ), 6.32-6.48 (m, 2 H, 2 X ArH), 7.62 (d, 1 H, 
J 9.6 Hz, ArH), 10.1 (s, 1 H, CHO). 

Preparation of Methvl ^acetvl-4.7.8.9-tetra-Q-acetvl-2-Q-(4-formvI-3- 
methoxvphenvlVa-D-neuraminate (9V To a stirred solution of compound (8) (900 mg, 5.92 
mmol) in anhydrous tetrahydrofuran (35 mL) was added portionwise sodium hydride (288 
mg of a 60% dispersion in mineral oil, 7.2 mmol) under a nitrogen atmosphere at room 
temperature. The resulting mixture was allowed to stir at room temperature for 2.5 h. The 
mixture was treated with compound (3) ( 2.33 g, 4.58 mmol) and the resulting mixture was 
stirred under a nitrogen atmosphere at room temperature for 1 1 5 h. The mixture was 
concentrated to dryness, the residue was diluted with ethyl acetate (40 mL), and washed with 
water (40 mL). The aqueous phase was extracted with ethyl acetate (3 X 40 mL), and 
combined organic phases were dried with magnesium sulfate, filtered, and the filtrate was 
concentrated to dryness. The residue was chromatographed (silica gel, 1:1 acetone-hexanes 
as eluting solvent) to afford pure compound (9) (1 .23 g, 43%): R f = 0.3 1 (1 : 1 acetone- 
hexanes; UV, H 2 S0 4 ). 

'H NMR (CDCI3): ( 1.96 (s, 3 H, NAc), 2.07, 2.09, 2.14, 2.18 (4 s, 12 H, 4 X OAc), 
2.23-2.45 (m, 1 H, H-3a), 2.74 (dd, 1 H, J„ 5.9 Hz, J M 13.7 Hz, H-3e), 3.73 (s, 3 H, 
C0 2 CH 3 ), 3.93 (s, 3 H, OCH 3 ), 4.12-4.22 (m, 2 H), 4.25-4.30 (m, 1 H), 4.60 (dd, 1 H, J 1.8 
Hz, J 12.6 Hz), 4.96-5.08 (m, 1 H), 5.28-5.47 (m, 3 H), 6.65 (d, 1 H, J 3.0 Hz, ArH), 6.74 
(dd, 1 H, J 3.0 Hz, J 9.6 Hz, ArH), 7.82 (d, 1 H, 79.6 Hz, ArH), 10.33 (s, 1 H, CHO). 

Preparation of N-Acetvl-2-Q-r 4-fomvl-3-methoxvphenvlW-D-neuraminic acid 
£1Q). A solution of compound (9) (751 mg, 1.20 mmol) in aqueous sodium hydroxide (20.0 
mL of a 1 .0 M solution, 20.0 mmol) was stirred at room temperature for 2 h. The resulting 
mixture was cooled to 0°C and treated with methanol-washed Dowex 50W-X4 til pH 3. The 
mixture was filtered, the filtered resin was rinsed with water, and the filtrate was lyophilized 
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to afford compound (10) (288 mg, 54%): R f = 0.34 (5:2:1 ethyl acetate-methanol-0.02% 
aqueous calcium chloride; UV, H 2 S0 4 ). 

'H NMR (D 2 0): ( 2.08 (s, 3 H, NAc), 2.04-2.12 (m, 1 H, H-3a), 2.87 (dd, 1 H, J 3A 5.6 
Hz, J 30c 15.0 Hz, H-3e), 3.60-3.68 (m, 2 H), 3.81-3.95 (m, 4 H), 3.93 (s, 3 H, OCH 3 ), 423 
(dd, 1 H, J 3.7 Hz, J 1 1 2 Hz), 6.85 (dd, 1 H, 75.7 Hz,/ 11.4 Hz, ArH), 6.97 (d, 1 H, J 5.7 
Hz, ArH), 7.75 (d, 1 H, J 11.4 Hz, ArH), 10.0 (s, 1 H, CHO). 

Example 4 - Preparation of Macetvl-2-Q-r3-metho>cv-4^2-nitroviTi vl)phenvl1-tt-D- 
peuranmpic acid (U) 

The overall reaction scheme is shown in Figure 9. For the preparation of methyl 
A^acetyl-|J-D-neuraminate (2), methyl A r -acetyl-4,7,8,9-tetra-0-acetyl-2-chloro-2^ieoxy-I>- 
neuraminate (3), see the experimental details presented previously. 

For the preparations of 4-hydroxy-2-methoxybenzaldehyde (8), methyl Af-acetyl- 
4,7,8,9-tetra-0-acetyl-2-0-{4-fonnyM^ (9), and AT-acetyl- 

2-0-(4-formyl-3-methoxyphenyl)-a-I>neuramiriic acid (10), see the experimental details 
presented in Example 3. 

To a stirred solution of compound (10) (120 mg, 027 mmol) in a mixture of ethanol 
(4.8 mL) and acetic acid (0.12 mL) was added ammonium acetate (120 mg, 1.56 mmol) and 
nitromethane (0.48 mL, 8.86 mmol) at room temperature. The reaction mixture was heated 
under reflux for 30 min, cooled to room temperature, and evaporated to dryness. The residue 
was chromatographed (silica gel, 5:2:1 ethyl acetate-methanol-0.02% aqueous calcium 
chloride as eluting solvent) to afford pure compound (1 1) (48 mg, 36%): R f = 0.64 (5:2:1 
ethyl acetate-methanol-0.02% aqueous calcium chloride; UV, H 2 S0 4 ). 

'H NMR (D 2 0): ( 2.06 (s, 3 H, NAc), 1.98-2.03 (m, 1 H, H-3a), 2.88 (dd, 1 H, J M 
5.1 Hz, 14.0 Hz, H-3e), 3.59-3.68 (m, 2 H), 3.75-4.00 (m, 4 H), 3.95 (s, 3 H, OCH 3 ), 
4.1 1 (dd, 1 H, J 2.5 Hz, J 11 .4 Hz), 6.82 (d, 1 H, J 10.8 Hz, ArH), 6.95 (br s, 1 H, ArH), 7.54 
(d, I H, J 10.8 Hz, ArH), 8.00 (d, 1 H, J 13.5 Hz, H-vinylic), 8.22 (d, 1 H, J 13.5 Hz, 
H-vinylic). 
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Example 5 - Preparation of methvl W-acetvl-4 .7.8.9>tet ra-0-acetvK2.Q-^formvU2. 
methoxvphenvn-a-D-neuraminic acid (\2) and^-acetvl-2-Q44.for mvl>2-methoxvphenvlV 
g-D-neuraminic acid (131 

The overall reaction scheme is shown in Figure 10. For the preparation of methyl 
A^acetyl-P-I>neuraminate (2), methyl A^acetyl-4,7,8,9-tetra-(9-acetyl-2-chloro-2-deoxy-D- 
neuraminate (3), see the experimental details presented previously. 

Preparation of Methvl MacetvM.7.8.9^et ra-Q-acetvU2^Q-r4-formvU2> 
methoxvphenvlltt-D-neuraminic acid (12V To a stirred solution of vanillin (4-hydroxy-3- 
methoxybenzaldehyde) (273 mg, 1.8 mmol) in anhydrous tetrahydrofuran (12.0 mL) was 
added portionwise sodium hydride (86 mg of a 60% dispersion in mineral oil, 22 mmol) 
under a nitrogen atmosphere at room temperature. The resulting mixture was allowed to stir 
at room temperature for 2.5 h. The mixture was treated with compound (3) (700 mg, 1 .38 
mmol) and the resulting mixture was stirred under a nitrogen atmosphere at room 
temperature for 68 h. The mixture was concentrated to dryness, the residue was diluted with 
ethyl acetate (25 mL), and washed with water (25 mL). The aqueous phase was extracted 
with ethyl acetate (3 X 25 mL), and combined organic phases were dried with magnesium 
sulfate, filtered, and the filtrate was concentrated to dryness. The residue was 
chromatographed (silica gel, chloroform, followed by ethyl acetate as eluting solvent) to 
afford pure compound (12) (322 mg, 38%): R f = 0.64 (1:8 acetone-ethyl acetate; UV, H 2 S0 4 ). 

l HNMR(CDCl 3 ):( 1 .94 (s, 3 H, NAc), 2.08, 2.09,2.14, 2.19(4 s, 12H,4XOAc), 
2.33 (ut, 1 H, Ju* = J 3M = 13.5 Hz, H-3a), 2.82 (dd, 1 H, 5.4 Hz, H-3e), 3.70 (s, 3 H, 
C0 2 CH 3 ), 3.92 (s, 3 H, OCH 3 ), 4.10-4.18 (m, 2 H), 4.23-4.31 (m, 1 H), 4.52 (br d, 1 H, J 1 1.4 
Hz), 4.97-5.12 (m, 1 H), 5.20-528 (m, 1 H), 5.30-5.40 (m, 2 H), 732 (d, 1 H, J 9.0 Hz, ArH), 
7.41-7.48 (m, 2 H, 2 X ArH), 9.92 (s, 1 H, CHO). 

Preparation of ^Acetvl-2-(^(4-formvl-2-methoxvphenvlVtt- D>neuramiTiic acid 
£12). A solution of compound (12) (236 mg, 0.38 mmol) in aqueous sodium hydroxide (6.0 
mL of a 1.0 M solution, 6.0 mmol) was stirred at room temperature for 160 min. The 
resulting mixture was cooled to 0°C and treated with methanol-washed Dowex 50W-X4 til 
pH 3. The mixture was filtered, the filtered resin was rinsed with water, and the filtrate was 
lyophilized to afford compound (13) (152 mg, 91%): R f = 0.46 (5:2:1 ethyl acetate-methanol- 
0.02% aqueous calcium chloride; UV, H 2 S0 4 ). 

*H NMR (D 2 0): ( 2.08 (s, 3 H, NAc), 2.03-2.12 (m, 1 H, H-3a), 2.92 (dd, 1 H, J^ 4 
5.2 Hz, 13.9 Hz, H-3e), 3.54-3.70 (m, 2 H), 3.80-4.20 (m, 5 H), 3.92 (s, 3 H, OCH 3 ), 
7.48 (d, 1 H, J 9.6 Hz, ArH), 7.52-7.60 (m, 2 H, 2 X ArH), 9.82 (s, 1 H, CHO). 
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Example 6 - Preparation of ^acetvl-2-Q42-metfaoxv^f2-nitrovinv1 > tehenv1]-g-D^ 
neuraminic acid (14) 

The overall reaction scheme is shown in Figure 1 1 . For the preparation of methyl 
A^acetyl-P-D-neuraminate (2), methyl i^acetyWJ^^-tetra-O-acetyl^-chloro^^eoxy-D- 
neuraminate (3), see the experimental details presented previously. 

For the preparation of methyl Macetyl-4,7,8,9-tetra-0-acetyl-2-0-(4-formyl-2- 
methoxyphenyl)-a-D-neuraminic acid (12) and N-acetyl-2-0-(4-formyl-2-memoxyphenyl)- 
a-D-neuraminic acid (13), see the experimental details presented in Example 5. 

Preparation of Ar-Acetvl-2-ar2-memoxv^^ 
acid (14) . To a stirred solution of compound (13) (25 mg, 0.06 mmol) in a mixture of 
ethanol (2.0 mL) and acetic acid (0.02 mL) was added ammonium acetate (24 mg, 0.32 
mmol) and nitromethane (0.10 mL, 1.9 mmol) at room temperature. The reaction mixture 
was heated under reflux for 30 min, cooled to room temperature, and evaporated to dryness. 
The residue was chromatographed (silica gel, 5:2:1 ethyl acetate-methanol-0.02% aqueous 
calcium chloride as eluting solvent) to afford pure compound (14) (19 mg, 70%): Rf = 0.64 
(5:2: i ethyl acetate-methanol-0.02% aqueous calcium chloride; UV, H 2 S0 4 ). 

'H NMR (D 2 0): ( 2.07 (s, 3 H, NAc), 1.97-2.04 (m, 1 H, H-3a), 2.87 (dd, 1 H, J^ 4 
5.1 Hz, Jy^ 14.0 Hz, H-3e), 3.54-3.69 (m, 2 H), 3.81-4.05 (m, 5 H), 3.93 (s, 3 H, OCH 3 ), 
7.45 (d, 1 H,/9.6 Hz, ArH), 7.48-7.55 (m, 2 H, 2 X ArH), 8.02 (d, 1 H, J 13.3 Hz, 
H-vinylic), 8.20 (d, 1 H, J 13.3 Hz, H-vinylic). 

Example 7 - Preparation of iV-acetvl-2-0-r5-bromo-4>ch3oroindol-3-vlVa-D- Tieuraminic acid 
OS) 

The overall reaction scheme is shown in Figure 12. For the preparation of methyl 
A^-acetyl-(^D-neuraminate (2), methyl A^-acetyl-4,7,8,9-tetra-0-acetyl-2-chloro-2-deoxy-D- 
neurammate (3), see the experimental details presented previously. 

Preparation of 5-Bromo-4-chloro-3-hvdroxvindole (26). To a stirred solution of 
5-bromo-4-chloroindoxyl 1,3-diacetate (25) (1.0 g, 3.03 mmol) in anhydrous 
A^-dimethylformamide (3 mL) was added sodium methoxide (270 mg, 5.00 mmol). The 
resulting dark-colored reaction mixture was degassed with nitrogen (g) for 30 min at room 
temperature. 

Preparation of methvl AT-acetvl-4.7.8.9-teta^ 
3-vlW-D-neuriminate (27). The reaction mixture of compound (26) in NJV- 
dimethylformamide was treated with stirring with compound (3) (238 mg, 0.468 mmol) at 
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room temperature under a nitrogen atmosphere protected from light After 16 h, the reaction 
mixture was concentrated under vacuum, coevaporated with xylenes (3 X 25 mL) to remove 
traces of A^iV-dimethylformamide, treated with ethyl acetate (40 mL), and filtered. The 
filtrate was concentrated to a residue that was chromatographed (silica gel, 1 :8 acetone-ethyl 
acetate as eluting solvent) to provide compound 27. 

It should be understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
this application and the scope of the appended claims. 
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Claims 

1 LA chromogenic sialidase substrate compound, having a formula selected from the 

2 group consisting of General Structure I; General Structure H, General Structure Ilia; General 

3 Structure IQb; General Structure IVa; General Structure IVb; and analogs, salts, and 

4 derivatives of the General Structures, wherein the General Structures are defined as follows: 




General Structure I 



5 wherein, R, = H, OR*, OC(0)R 7 , N0 2 , NH* NCR^, NHC(0)R iS , NHC(0)OR,, Ci, Br, I, 

6 F, CHO, C0 2 R,, C^N^ C^-O^NH* OPO^, 0?0 2 (CR^CR, 9 CHJK>^ 9 OSOjR* 

7 OS0 2 (CH 2 ) / CH 3 , CHjSOaR*, or CN, where j is an integer from 0 to 3; wherein = H, R,, 

8 OR,, 0C(O)R 7 , N0 2 , NH 2 , N(R^ 2 , NHC(0)R,, NHC(0)OR„ CI, Br, I, F, CHO, C0 2 R,, 

9 C(0)N(R,) 2 , CCN-O^NH* OP0 3 R„ OPO^CHJ/^CHjPOjR,, OS0 3 R«, OS0 2 (CKJjCH» 

10 CHjSOjR,, or CN, where j is an integer from 0 to 3; wherein 1*4= H, R,, OR,, OC(0)R 7 , NOj, 

1 1 NH 2 , N(R^ 2 , NHC(0)R,, NHC^OR,, CI, Br, I, F, CHO, CO.R,, C(0)N(R,) 2 , 

12 C(N~OH)NH 2 , OP0 3 R«, 0?0 2 (CR 2 ) J CR, y CH^^, OS0 3 R„ OS0 2 (CU 2 )jCR 2t CH^OA, 

13 or CN, where j is an integer from 0 to 3; wherein R s = H, R,, OR,, OC(0)R 7 , NO^ NH^ 

14 N(R^, NHC(0)R„ NHC^OR,, CI, Br, I, F, CHO, CO.R,, C(0)N(R^, C(N~OH)NH 2 , 

15 OPOaR,, OP0 2 (CH 2 ) / CH3, CHjPOjR,, OSO3R* OSO^CH^CHa, CH^Re, or CN, where j is 

1 6 an integer from 0 to 3; wherein, R 3 = N0 2 , CHO, (CR^KTR^CN or (CR 8 =CR«)^N0 2 , where 

17 fcis an integer from 1 to 3, or 
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*5 



1 8 wherein, R« = H, C(CH 3 ) 3 , CHtCHj)* CHjCHXCHj),, CHCCHjXCH^CHj, or (CH^CH,, 

19 where m is an integer from 0 to 3; wherein, R 7 = Re, OR* or NfR,^; wherein R, = H or 

20 (CHJ.CHa; where n is an integer from 0 to 3; 

21 alternatively, for General Structure I, 

22 R, = H, Rs, OR* OC(0)R„ NO,, NH 1( N(Rs),, CI, Br, I, F, CHO, C0 2 R«, C^N^ 

23 CfN-O^NH* OPOjR* OPO^CH^CH,, CH^OjR,, OSOjR,, OSO^CHjJCHj, CHjSOjR,, 

24 or CN, where j is an integer from 0 to 3 ; wherein, Rj or R, = H, R* OR,, OC(0)R 7 , NO z , 

25 NH* N(Rs) to CI, Br, I, F, CHO, CO^, CXOJNCRs)* CCN-OH)^, OPOjR,, 

26 OP0 2 (CH 2 ),CH 3) CHaPOjRj, OSOjR* OSO^CH^jCHj, CHjSOjRs, or CN, where j is an 
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27 integer from 0 to 3; wherein, R 3 = H, R* OR*, OC(0)R 7 , N0 2 , NH^ N(R«) 2 , CI, Br, I, F, 

28 CHO, C0 2 Re, C^NQt^ C(N~OH)NH 2 , OPO3R* Om 2 (CH 7 ) J CH, i CHjPOjR* OS0 3 R«, 

29 OSO^CH^p^, CHjSOjR*, or CN, where j is an integer from 0 to 3; wherein, R 5 = H, OR*, 

30 OC(0)R 7 , N0 25 NH 2 , N(R^, CI, Br, I, F, CHO, C0 2 R«, QOJNCR^, C(N~OH)NH 2 , OPOjR,, 

3 1 OP0 2 (CH2),CH3, CH^OjR*, OSO3R* OS0 2 (CH^CH 3 , CHjSOjR* or CN, where j is an 

32 integer from 0 to 3; wherein, R^otR^ N0 2 , CHO, (CR 8 =CR 8 ) A CN or (CR 8 =CR 8 )<N0 2 , 

33 where k is an integer from 1 to 3, or 
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34 wherein, R« = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH.CHCCH,)* CHCCH^CH^CHj, or (CH^CH,, 

35 where m is an integer from 0 to 3; wherein, R 7 = R* OR*, or N(R«) 2 ; wherein R 8 = H or 

36 (CH^CHj; where n is an integer from 0 to 3; 

37 alternatively, for General Structure I, R, or R, = H, OR* OC(0)R 7 , N0 2 , NH* 

38 N(RJ* CI, Br, I, F, CHO, C0 2 R* C^Nflg* C(N~OH)NH 2 , OPO.R* OP0 2 (CH 2 ) y CH 3 , 

39 CH^R* OSOjR* OSO^CHj)/^, CE^SOjR* or CN, where j is an integer from 0 to 3; 

40 wherein, R 2 - H, OR* OC(0)R 7 , NO* NH 2 , N^, CI, Br, I, F, CHO, C0 2 R* C^NOR*),, 

41 C(N~OH)NH 2 , OP0 3 R* OPO^CH^CH* CH^O^, OS0 3 R* OSO^CH^H* CH 2 S0 3 R* 

42 or CN, where j is an integer from 0 to 3; wherein, R 3 = H, OR* OC(0)R 7 , N0 2 , NH* Nfl*^ 

43 CI, Br, I, F, CHO, CO^ C^Nfo)* C(N~OH)NH* OP0 3 R* OPO^CH^CH* CH 2 P0 3 R* 

44 OS0 3 R* 0S0 2 (CH 2 ),CH 3 , CH 2 S03R* or CN, where ; is an integer from 0 to 3; wherein, R4 = 

45 H, OR* OC(0)R 7 , N0 2 , NH 2 , N^, CI, Br, I, F, CHO, CO*R* C^Ntf^, C(N~OH)NH 2 , 

46 OP0 3 R* OPO^CH^CH,, CH 2 P0 3 R* OS0 3 R* OSO^CH^CH,, CHjSOjR* or CN, where j 

47 is an integer from 0 to 3; wherein R, or R 5 = N0 2 , CHO, (CR^CR^CN or (CR^R^NO* 

48 where k is an integer from 1 to 3; wherein, R« = H, C(CH 3 )3, CH(CH 3 )* CHjCHfCH^, 

49 CH(CH3XCH2) m CH 3 , or (CH^CHj, where m is an integer from 0 to 3; wherein, R 7 = R* 

50 OR* or NCR*^; wherein Rg = H or (CH^CHj; where n is an integer from 0 to 3; 




General Structure II 



Rs R4 



51 wherein, R, = H, OR* OC(0)R 7 , NO* NH* Nfl^)* CI, Br, I, F, CHO, CO.R* C^NCRi)* 

52 C(N~OH)NH 2> OP0 3 R* OPO^CH^H,, CH^R* OS0 3 R* OSO^CHJ^, CH 2 S0 3 R* 

53 or CN, where j is an integer from 0 to 3 ; wherein, R 2 = H, OR* OC(0)R 7 , N0 2 , NH 2 , N^)* 

54 CI, Br, I, F, CHO, C0 2 R* C^N^)* C(N~OH)NH 2 , OP0 3 R* OPO^CH,)/^, CH^OjR* 

55 OSO^, OSO^CH^CH* CH 2 S0 3 R* or CN, where j is an integer from 0 to 3; wherein, R 3 = 

56 H, OR* OC(0)R 7 , NO* NH* NflU* CI, Br, I, F, CHO, COjR* C(0)N(R«) 2 , C(N~OH)NH 2 , 

57 OPO^, OP0 2 (CH 2 ) y CH 3 , CH^^R* OSO^, OSO^CT^CH,, CH 2 S0 3 R* or CN, where j 

58 is an integer from 0 to 3; wherein, R4 = H, OR* OC(0)R 7 , N0 2 , NH 2 , N(R«) 2 , CI, Br, I, F, 

59 CHO, C0 2 R* C^N^* C(N~OH)NH 2 , OP0 3 R* OPO^CHJ^CH,, CH 2 P0 3 R* OS0 3 R* 

60 OS0 2 (CH 2 ) > CH3, CH 2 S03R* or CN, where j is an integer from 0 to 3; wherein, R 5 = H or 
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61 (CH^CH* where A: is an integer from 0 to 4; wherein, R« = H, C(CH 3 ) 3 , CH(CH 3 )2, 

62 GH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) fl ,CH3, or (CH^CT^, where m is an integer from 0 to 3; 

63 wherein, R 7 = R«, OR* or N(R 6 ) 2 ] 




General Structure ma 



Ri R2 



64 wherein, R, = H, OR 3 , OC(0)R4, N0 2 , NH* N(R 3 >2, CI, Br, I, F, CHO, CO^, C(0)N(R 3 ) 2 , 

65 CCN-OJQNH* OPOjR,, OP0 2 (CHJ|pi 3 , CH 2 P0 3 R 3 , OSO^, OS0 2 (ra 2 ),CH 3 , O^SO^R,, 

66 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CHJ 2y 

67 CH 2 CH(CH 3 ) 2 , CHCCH^CCH^CHa, or (CH^CHj, where m is an integer from 0 to 3; 

68 wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CHCCH.XCH^CH,, or (CH 2 ) ra CH 3 , 

69 where m is an integer from 0 to 3; wherein, R< = R 3 , OR 3 , or N(R 3 >2; 




General Structure III 



70 wherein, R, - H, OR 3 , OC(0)R<, N0 2 , NH 2 , N^, a, Br, I, F, CHO, C0 2 R 3 , C(0)N(R 3 ) 2 , 

71 CCN-OI^NH,, OP03R 3 , OPO^CH^CH,, CH^O^, OSO^, OSO^CH^pI,, 

72 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , 

73 CH 2 CH(CH 3 ) 2 , CHCCHjKCH^CHj, or (CH^CHa, where m is an integer from 0 to 3; 

74 wherein R 3 - H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH.CHCCH,),, CHCCH^CH^CH,, or (CH^CH,, 

75 where m is an integer from 0 to 3; wherein, R4 = R 3 , OR 3 , or N(R 3 ) 2 ; 
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General Structure IVa 



76 wherein, R, = H, OR* OC(0)R» NO* NH 2 , N(Rj)j, CI, Br, I, F, CHO, CO^, C(0)N(R,)2, 

77 CCN-OI^NHj, OPOjR* OPO^CH^Hj, CHjPOjR,, OSOjR,, OS0 2 (CH,)/3I„ CHjSOjRg, 

78 or CN, wherey is an integer from 0 to 3; wherein, R 2 = H, OR,, OC(0)R* NO* NH 2> N(Rg) 2 , 

79 CI, Br, I, F, CHO, COjR,, C^NCR,),, CCN-O^NH,, OPOjR* OPO^CH^CH,, CH^OaRg, 

80 OSOJRt, OS0 2 (CH 2 )/:H3, CH 2 SOjR,, or CN, where j is an integer from 0 to 3; wherein, R, = 

81 H, OR,, 0C(O)R„ NO,, NH* N(R^, CI, Br, I, F, CHO, COjR* C(0)N(R^, C(N~OH)NH 2 , 

82 OPOjR,, OPO^CH^CHj, CH 2 POjR„ OSOjRg, OSO^CH^Hj, CH 2 SOjR„ or CN, where j 

83 is an integer from 0 to 3; wherein, R, = H, OR,, OC(0)R„ NO* NH 2 , N(R,)j, CI, Br, I, F, 

84 CHO, CO^ CCOJNfR,^, C(N~OH)NH 2 , OPOjR,, OPO^CHj^CH,, CH 2 P0 3 R„ OS0 3 R„ 

85 OSO^CH^yCHj, CHjSOjRg, or CN, where j is an integer from 0 to 3; wherein, R, = H, OR,, 

86 OC(0)R* NO* NH* N(R^, CI, Br, I, F, CHO, CO s R,, C(O)N(R0 2 , C^-OtyNH* OPOjR,, 

87 OPO^CHOyCHj, CHjPOjR,, OSOjR,, OSO^CH^H,, CH 2 SO,R„ or CN, where j is an 

88 integer from 0 to 3; wherein, R, = H, OR,, OC(0)R» N0 2 , NH* N^, CI, Br, I, F, CHO, 

89 COjR,, C(0)N(RJ 2 , C(N-OH)NH 2 , OPOjR,, OPO^CH^CH,, CH 2 P0 3 R„ OSO3R,, 

90 OS0 2 (CHj),CH 3 , CH 2 S0 3 R„ or CN, where ;' is an integer from 0 to 3; wherein, R 7 = H, OR,, 

91 OC(0)R» N0 2 , NH 2 , N(R^, a, Br, I, F, CHO, C0 2 R,, C(0)N(R^, CfN-OHJNH* OPO3R,, 

92 OP0 2 (CH 2 ),CHj, CHjPOjR,, OSO3R,, OS0 2 (CHj),CH 3 , CHjSOjR,, or CN, where j is an 

93 integer from 0 to 3; wherein R, = H, C^CH,)* CH(CH 3 )* CHjCHCCH,)* 

94 CHCCH^CCH^CHa, or (CHj)„CHj, where m is an integer from 0 to 3; wherein, R, = R,, 

95 ORj.orNtRsX,; and 
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96 wwherein, R, = H, OR,, OC(0)R>, NO* NH* N^, CI, Br, I, F, CHO, CO.Rg, C(0)N(Rg) 2 , 

97 C(N~OH)NH 2 , OP0 3 Rg, OPO^CH^CH,, CH^jRg, OSOA, OSO^CHjpi,, CH 2 S0 3 Rg, 

98 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, ORg, 0C(0)R9, N0 2 , NH 2 , N(R 8 )2, 

99 CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , CXN-OIONH* OP0 3 Rg, OPO^CH^CH,, CH^R* 

100 OSOjRg, OSO^CHJ^CH^ CH 2 S0 3 Rg, or CN, where ; is an integer from 0 to 3; wherein, R 3 = 

101 H, ORg, OC^R* NO,, NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, C0 2 Rg, C(0)N(R 8 ) 2 , C(N~OH)NH 2 , 

102 OP0 3 Re, OPO^CH^CH^ CH 2 P0 3 Rg, OS0 3 Rg, OS0 2 (CHJipi 3 , CH^OjRg, or CN, where j 

103 is an integer from 0 to 3; wherein, R< - H, ORg, 00(0)1^, N0 2 , NH 2 , N(Rg>2, CI, Br, I, F, 

104 CHO, C0 2 Rg, C^Nfok C(N~OH)NH 2 , OPOjRg, 0?0 2 (CR^Ol 3f CH^OA, OSOjRg, 

105 OSO^CHjpH^, CH 2 S0 3 Rg, or CN, where j is an integer from 0 to 3; wherein, Rj = H, ORg, 

106 OC(0)R* N0 2 , NH 2 , N(Rg)2, CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, 

107 OPO^CH^Hj, CH 2 P0 3 Rg, OS0 3 Rg, OSO^Oy/:^, CH^O^, or CN, where j is an 

108 integer from 0 to 3; wherein, R« = H, ORg, OCXOJR* NO* NH* N(R«) 2 , CI, Br, I, F, CHO, 

109 C0 2 Rg, CCOMRg)* C(N~OH)NH 2 , OPO^, OPO^CHJf/H,, CH^O^,, OSO^, 

1 10 OSO^CHJ^CHj, CHjSOjRg, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, OR«, 

1 1 1 OCiOyR* N0 2 , NH 2 , NCRgX, CI, Br, I, F, CHO, C0 2 R 8 , C(0)N(Rg) 2> C(N~OH)NH 2 , OPO^, 

1 12 OPO^CH^CHj, CHiPOaRg, OS0 3 Rg, OSO^CH^CHa, CH 2 S0 3 Rg, or CN, where j is an 

1 13 integer from 0 to 3; wherein, Rg = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2> 

1 14 CH(CH3)(CH 2 ) W CH 3 , or (CH^CHj, where m is an integer from 0 to 3; wherein, R, = Rg, 

115 ORg,orN(Rg) 2 . 

1 2. The compound, according to claim 1, wherein said compound has the following 

2 formula: 




General Structure I 



R 2 

3 wherein, R, = H, R«, OR«, OC(0)R 7 , N0 2 , NH* N(RJ 2 , NHC(0)R* NHCCOpR* CI, Br, I, 

4 F, CHO, CO.R,, C^NCR^),, C(N~OH)NH 2 , OP0 3 R«, OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 R 6 , OSO^, 

5 OS0 2 (CH 2 ) y CH 3 , CHjSOjR* or CN, where ; is an integer from 0 to 3; wherein R 2 = H, R«, 

6 OR* OC(0)R 7j N0 2 , NH* NCR,),, NHC(0)R* NHC(0)OR«, CI, Br, I, F, CHO, C0 2 R«, 
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7 CiOyttfRJi, CCN-OH)^ OPOjR* OPOjCCH^Hj, CH 2 PO^, OSOjRj, OSC^CH^CH,, 

8 CHjSOaR,,, or CN, where j is an integer from 0 to 3; wherein R, = H, Rg, OR,, OC(0)R 7 , N0 2 , 

9 NH* N^ NHCXOJR* NHCCOPR*. CI, Br, I, F, CHO, COA, 0(0^^, 

10 C(N~OH)NH„ OPOjRj, OPO^Oypi,, CHjPOjR,,, OSOjR* OS0 2 (CRJjCH 3 , CHjSOjRj, 

1 1 or CN, where j is an integer from 0 to 3; wherein R, = H, Rj, OR* 0C(O)R 7 , NO* NH 2 , 

12 N(Rj)j, NHC^Rs, NHQCOOR* CI, Br, 1, F, CHO, C0 2 Rs, C(0)N(iyj, C(N~OH)NH 2 , 

13 OPOjRs, OPOjCCH^jCHj^jPOjRj, OS03R* OSOjCCH^CHa, CHjSOjRs, or CN, where j is 

14 an integer from 0 to 3; wherein, R, = NO* CHO, (CRj^Rg^CN or (CRgK^t^NOj, where 

15 * is an integer from 1 to 3, or 
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16 wherein, R« = H, C(CH,)„ CH(CH 3 ) to CH 2 CH(CH,) 2 , CHC^XCH^CH,, or (CH^CHj, 

1 7 where m is an integer from 0 to 3; wherein, R 7 = R«, OR«, or NCR^ wherein R 8 = H or 

18 (CH^CH^; where n is an integer from 0 to 3; 

19 alternatively, for General Structure I, 

20 R, = H, R* OR* OC(0)R 7 , NO* NH 2 , NCR^ CI, Br, I, F, CHO, CO^ 0(0)1*0^, 

21 C(N~OH)NH 2 , OPOjR,,, OPO^CHJjCH,, CH^R* OSOjRj, OSO^CH^CHj, CHjSO^, 

22 or CN, where j is an integer from 0 to 3; wherein, R 2 or R* = H, R* OR«, 0C(O)R 7 , NO^ 

23 NH 2 , N^),, CI, Br, I, F, CHO, C0 2 R«, QOJNCR^, CCN-OIflNH,, OPO,^, 

24 OPOjtCH^CH,, CH^OjR*, OSO,R«, OSO^CHj)/^, CHjSOjR*, or CN, where j is an 
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25 integer from 0 to 3; wherein, R 3 = H, R«, OR^, OC(0)R 7 , N0 2 , NHj, NOR^, CI, Br, I, F, 

26 CHO, CO^ C(0)N(R«) 2 , (XN-OHJNH* OPO^, OPO^CH,)/^, CHJPOjR* OSOjR* 

27 OSO^CH^yCHj, CHjSOjR^ or CN, where j is an integer from 0 to 3; wherein, R 5 = H, OR«, 

28 OC(0)R 7 , NO* NH* CI, Br, I, F, CHO, CO^ C(0)N(R 6 ) 2 , C(N~OH)NH 2> OP0 3 R* 

29 OP0 2 (CH 2 ) / CH3, CH 2 POjR^, OS03R* OSO^CH^CHa, CHjSO^, or CN, where j is an 

30 integer from 0 to 3; wherein, R 2 or R< = N0 2 , CHO, (CRg^CR^CN or (CR^R^NOj, 

31 where k is an integer from I to 3, or 




Rs IU 
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32 wherein, R, = H, C(CH 3 )* CH(CH 3 )* CH 2 CH(CH 3 )* CT(CH 3 )(CT^ m CH 3 , or (CH^CH* 

33 where m is an integer from 0 to 3 ; wherein, R 7 = R# OR,, or N(R^* wherein Rg = H or 

34 (CH^.CHj; where n is an integer from 0 to 3; 

35 alternatively, for General Structure I, Ri or Rs = H, OR,, OC(0)R 7 , NO* NH 2 , 

36 N(R,)* CI, Br, I, F, CHO, CO^, C(0)N(R,)* C(N~OH)NH* OPO^, OPO^CH^CH* 

37 CH 2 P0 3 R,, OS0 3 R,, OSO^CTJ^CH* CHjSO^, or CN, where j is an integer from 0 to 3; 

38 wherein, R 2 = H, OR,, OC(0)R 7 , NO* NH* N(R^* CI, Br, I, F, CHO, CO^ C^NCR^* 

39 C(N~OH)NH* OPOjR* OPO^CH^CH,, CH 2 P0 3 R,, 0S0 3 R„ OSO^CH^CH,, CH 2 S0 3 R,, 

40 or CN, where j is an integer from 0 to 3; wherein, R 3 = H, OR,, OC(0)R 7 , N0 2 , NH 2 , N(R^, 

41 CI, Br, I, F, CHO, CO.R,, C(0)N(R,)* C(N~OH)NH* OP0 3 R,, OPO^CH^yCH,, C^PO^, 

42 0SO 3 R,, OS0 2 (CH 2 ) > CH 3 , CHjSOjR,, or CN, where j is an integer from 0 to 3; wherein, R« = 

43 H, OR,, OC(0)R 7 , N0 2 , NH 2 , N(RJ* CI, Br, I, F, CHO, COjR,, C(0)N(RJ* C(N~OH)NH* 

44 0PO 3 R,, OPO^CH^pH* CHjPO^, OSO.R,, OSO^CH^CH* CH 2 S0 3 R,, or CN, where j 

45 is an integer from 0 to 3; wherein R, or R^ = N0 2 , CHO, (CRg^CR^CN or (CR^Rg^NO* 

46 where A: is an integer from 1 to 3; wherein, R, = H, C(CH 3 ) 3 , CH(CH 3 )* CH 2 CH(CH 3 ) 2 , 

47 CH(CH 3 )(CH 2 )„ f CH 3 , or (CH^CH* where m is an integer from 0 to 3; wherein, R 7 = R,, 

48 OR,, or N(R^ 2 ; wherein Rs = H or (CH^CHj; where n is an integer from 0 to 3. 

1 3. The compound, according to claim 1, wherein said compound has the following 

2 formula: 




Genera] Structure II 



Rs R4 



3 wherein, R, = H, OR,, OC(0)R 7 , NO* NH 2 , N(R,)* CI, Br, I, F, CHO, C0 2 R,, C(0)N(R,)* 

4 C(N~OH)NH* OPO^, OPO^CH^^CH,, CH^jR,, OSO.R,, OSO^CH^CH* CH 2 S0 3 R,, 

5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR,, OC(0)R 7 , N0 2 , NH* NCR,)* 

6 Q, Br, I, F, CHO, CO.R,, C(0)N(RJ* C(N~OH)NH* OP0 3 R„ OPO^CHJf/CH* CH 2 P0 3 R,, 

7 OSOsR,, OSO^CH^CH* CHjSO^, or CN, where j is an integer from 0 to 3 ; wherein, R 3 = 

8 H, OR,, OC(0)R 7) NO* NH* N(R^* CI, Br, I, F, CHO, C0 2 R,, C(0)N(R,)* C(N~OH)NH* 

9 OPOjR,, OPOjCCHjJjCH,, CH^O^, OS0 3 R,, OSO^CH^jCH* CH^OjR,, or CN, where j 
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is an integer from 0 to 3; wherein, R^H, OR* OC(0)R 7 , N0 2> NH 2 , N(RJ 2 , CI, Br, I, F, 
CHO, C0 2 R«, C^NOU* C(N~OH)NH 2 , OPO^, OP0 2 (CH 2 ) y CH 3J CH.POJR,, OSOjR* 
OS0 2 (CH2);CH 3 , CHzSOjR^, or CN, where j is an integer from 0 to 3; wherein, R, = H or 
(CH^CHj, where k is an integer from 0 to 4; wherein, R 6 = H, C(CH 3 ) 3 , CHCCHj)^ 
CHjCRiCU^ CT(CH 3 )(OI 2 )„,CH 3 , or (CH^CHj, where mis an integer from 0 to 3; 
wherein, R 7 = R«, OR* or NfR^. 

4. The compound, according to claim 1, wherein said compound has the following 
formula: 




General Structure Ilia 



Ri R2 



wherein, R, = H, OR 3 , OC(0)R«, NO,, NH 2 , N(R 3 )2, CI, Br, I, F, CHO, CO^, C^NCR^ 
C(N~OH)NH 2 , OP0 3 R 3 , 0?0 2 (CKJjCK 39 CH^OjR,, OS0 3 R 3 , OSO^CH^CH,, CH^O^, 
or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , 
CHzCHCCH^ CH(CH 3 )(CH 2 ) fJt CH 3 , or (CH^CHa, where m is an integer from 0 to 3; 
wherein R 3 = H, C(CR& 9 CUiCR^ CR 2 CH(CR 3 )2, CH(CH 3 )(CH2) W CH 3 , or (CH^CH,, 
where m is an integer from 0 to 3; wherein, R* = R 3 , OR 3 , or N(R 3 )2. 

5. The compound, according to claim 1, wherein said compound has the following 
formula: 




General Structure III 



wherein, R, = H, OR 3> OCC^R*, N0 2 , NH* N(R 3 ) 2 , CI, Br, I, F, CHO, C0 2 R 3 , C(0)N(R3) 2 , 
C(N~OH)NH 2 , OPO^, OPO^CH^jCH* CH^O^, OS03R 3 , OSO^CH^CH,, CH 2 S0 3 R 3 , 
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5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CHCCH,)* 

6 CH 2 CH(CH } )2, CH(CH 3 )(CH2)«CH„ or (CH^CH,, where m is an integer from 0 to 3; 

7 wheremR J = H,C(CH 3 ) 3 ,CH(CT^ 

8 where m is an integer from 0 to 3; wherein, R« = R 3 , OR 3 , or N(R 3 )j. 

1 6. The compound, according to claim 1 , wherein said compound has the following 

2 formula: 




General Structure IVa 



3 wherein, R, = H, OR,, OCCO)R» N0 2 , NH 2 , NCR,),, CI, Br, I, F, CHO, COjR* CCO^CR,),, 

4 CCN-OIQNHj, OPOjR,, OVOid&ljpii, CHjP0 3 R„ OSOjR,, OS0 2 (CH 2 );CH 3 , CH 2 S0 3 R,, 

5 or CN, where ;' is an integer from 0 to 3; wherein, R 2 = H, OR* 00(0)^ N0 2) NH 2 , N(Rg) 2 , 

6 Q, Br, I, F, CHO, C0 2 R» CCO^CR,)* C(N~OH)NH 2 , OPOjR,, OPO^CH^CHj, CH 2 P0 3 R„ 

7 OSOjRg, OSO^CHJyCHj, CHjSOjR,, or CN, where ; is an integer from 0 to 3; wherein, R 3 = 

8 H, OR,, OC(0)R» NO* NH* N(R^j, CI, Br, I, F, CHO, CO^, C(0)N(R^ 2 , C(N-OH)NH 2 , 

9 OPOjR 8 , OPOjCCHOyCHj, CHjPOjR,, OSOjR,, OSOjCCHjXCHj, CH 2 S0 3 R,, or CN, where; 

10 is an integer from 0 to 3; wherein, R, = H, OR,, OC(0)R* NO* NH 2 , N(R,) 2 , CI, Br, I, F, 

1 1 CHO, COA, C(0)N(R a ) 2 , C(N-OH)NH 2 , OPOjR,, OPO^L^fM,, CH 2 P0 3 R,, OS0 3 R,, 

12 OSO^CHJjjCHj, CHjSOjRb, or CN, where; is an integer from 0 to 3; wherein, R, - H, OR,, 

13 0C(0)R„ NO* NH* NCRJ* CI, Br, I, F, CHO, COjR,, C(0)ti(S^ b CCN-O^NH* OPOjR,, 

14 OP0 2 (CHj)pH 3 , CHjPOjR,, OSOjR,, OSO^CH^CH,, CH 2 S0 3 R,, or CN, where; is an 

15 integer from 0 to 3; wherein, R« = H, OR,, OC(0)R» N0 2 , NH 2 , NCR,)* CI, Br, I, F, CHO, 

16 COjR,, C(0)N(R,) 2 , C(N-0H)NH 2) OP0 3 R„ OPO^CH,)/^,, CH 2 P0 3 R,, OS0 3 R,, 

17 OSOjCCHJyCHj, CHjSOaR,, or CN, where ; is an integer from 0 to 3; wherein, R 7 = H, OR,, 

1 8 OC(0)R5„ NO* NH* NCR,)* CI, Br, I, F, CHO, COjR,, C(0)NCR,)* CCN~OH)NH* OPOjR,, 

19 OPOjCCH^yCHj, CHjPOjRj, OSOjR,, OSO^CH^yCHj, CH 2 S0 3 R,, or CN, where; is an 

20 integer from 0 to 3; wherein R, = H, CCCH,)* CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , 
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21 CH(CH 3 )(CH2) W CH 3 , or (CH^CH^ where m is an integer from 0 to 3; wherein, R* = R«, 

22 OR^orNfRek 

1 7. The compound, according to claim 1, wherein said compound has the following 

2 formula: 




General Structure IVb 



R6 Rs 

3 wherein, R, - H, OR* 00(0^, N0 2 , NH* N(Re) 2 , CI, Br, I, F, CHO, COjR* C(0)N(Re)* 

4 C(N~OH)NH 2> OPOjR*, OPO^CH^CH,, CH^OA, OSOjR* OSO^CH^CHj, CH^O^, 

5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR* OC(0)R9, N0 2 , NH 2 , N^)* 

6 CI, Br, I, F, CHO, C0 2 R* CiOySf&h, QN-OHJNH* OPOjR* OP0 2 (CH 2 ) y CH 3 , CH 2 P0 3 R* 

7 OS0 3 R* OSO^GH^jGH,, GE^SO^, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

8 H, OR* OC^R* N0 2 , NH 2 , NO^)* CI, Br, I, F, CHO, CO^* C(0)N(R*) 2 , C(N~OH)NH 2 , 

9 OPOjRe, OP0 2 (CH2)pa 3 , CH^O^, OSOjR* OSO^CH^C^, CH 2 S0 3 R* or CN, where j 

10 is an integer from 0 to 3; wherein, R4 = H, OR* 00(0^, NO* NH 2 , N(Re) 2 , CI, Br, I, F, 

1 1 CHO, COA C(0)N(Rb) 2 , C(N~OH)NH 2 , OPO.R* 0¥0 2 (CRajCR» CH 2 P0 3 R 8 , OS0 3 R* 

12 OSO^CHJyCHg, CH 2 S0 3 R* or CN, where j is an integer from 0 to 3; wherein, R 5 = H, OR* 

13 0C(0)R9, NO* NH* NCR,)* a, Br, I, F, CHO, C0 2 R* C(0)N(R 8 ) 2 , C(N~OH)NH 2 , OPO.R* 

14 OPOjCCH^yCHa, CH 2 P0 3 R* OS0 3 R* OSO^ayp^, CH 2 S0 3 R* or CN, where j is an 

1 5 integer from 0 to 3; wherein, R* = H, OR* OC(0)R*, N0 2 , NH 2 , N^)* CI, Br, I, F, CHO, 

16 COjR* C(0)N(R«) 2 , C(N~OH)NH* OP0 3 R* OPO^CH^CH,, CH^POjR* OS0 3 R* 

17 OSO^CH^CHa, CH 2 S0 3 R* or CN, where j is an integer from 0 to 3; wherein, R 7 = H, OR* 

1 8 OC(0)R 9 , NO* NH 2 , N(R 8 ) 2 , CI, Br, I, F, CHO, C0 2 R* C^NCR,)* C(N~OH)NH* OPO^, 

19 OPO^CHJ^CHa, CH 2 P0 3 R* OS0 3 R* OSO^CiypE^, CHjSOjR* or CN, where j is an 

20 integer from 0 to 3; wherein, R 8 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 )2, 

21 CHCCHaXCH^C^, or (CH^CHj, where m is an integer from 0 to 3; wherein, R* = R* 

22 OR«, or NCR*)* 
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1 8. A composition for measuring sialidase activity level, comprising a carrier and a 

2 chromogenic sialidase substrate compound having a formula selected from the group 

3 consisting of General Structure I; General Structure II, General Structure Ilia; General 

4 Structure EQb; General Structure IVa; General Structure IVb; and analogs, salts, and 

5 derivatives of the General Structures, wherein the General Structures are defined as follows: 




General Structure I 



6 wherein, R { = H, OR*, OC(0)R 7 , N0 2 , NH* N^, NHCXOJR*, NHC(0)OR«, CI, Br, I, 

7 F, CHO, COaR* C(0)N(R 6 ) 2 , C(N~OH)NH2, OPOjR* OPO^CH^Ha, CHaPO^, OSO3R* 

8 0802(0112^013, CHiSOjR*, or CN, where j is an integer from 0 to 3; wherein R 2 = H, R*, 

9 OR«, OC(0)R ? , N0 2 , NH 2 > N(R 6 ) 2 , NHC(0)R 6 , NHC(OPR«, CI, Br, I, F, CHO, COjR* 

10 CCOJNfll^ C(N~OH)NH 2 , OPO3R* OT0 2 (CH^fH iy CH2PO3R* OS0 3 R„ OS0 2 (CH2),CH3, 

1 1 CHjSOjR^j, or CN, where j is an integer from 0 to 3; wherein R*= H, R«, OR*, OC(0)R 7 , N0 2 , 

12 NH2, N(RJ2> NHC^R* NHC(0)OR«, CI, Br, I, F, CHO, C0 2 R«, C^N^, 

13 C(N~OH)NH2> OPO3R6, OPOjCCH^CHj, CHjPOjR*, OSO3R* QS0 2 (CHLjjCU 3 , CH 2 SO^ 

14 or CN, where j is an integer from 0 to 3; wherein R5 = H, R*, OR*, OC(0)R 7 , NO2, NH 2 , 

15 N(R*) 2 , NHC(0)R«, NHCCOPR*, CI, Br, I, F, CHO, CO2R* C(0)N(R*) 2 , C(N~OH)NH 2 , 

16 OPOaR*, OP0 2 (CH2)pa 3 , CH 2 P0 3 R6> OSO3R*, OSOzfCH^jCHj, CU 2 SO^ t or CN, where j is 

17 an integer from 0 to 3; wherein, R 3 = N0 2 , CHO, (CR^CR^CN or (CR^CR*)* N0 2 , where 

18 £is an integer from 1 to 3, or 
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CH=CH 





H 3 C> 



CH =CH — CHl^^ 
O 





CH 2 C0 2 H 




OR<5 





OR6 



R5 R4 



19 
20 
21 
22 
23 
24 
25 
26 
27 



wherein, R« = H, C(CH,)„ CHCCH^ CH^CH^^ CH(CH 3 XCH J ) M CH 3 , or (CH^CHj, 
where mis an integer from 0 to 3; wherein, R, = R«, OR* or N(R«) 2 ; wherein R, = H or 
(CH^CHj; where n is an integer from 0 to 3; 

alternatively, for General Structure I, 
R, - H, R* OR* OC(0)R 7 , NO* NH^ NfRJj, CI, Br, I, F, CHO, CO^, C^NCR^, 
C(N~OH)NH 2 , OPO3R* OPO^CH^CHj, CHjPO,^ OSOjR* OSO^CH^CH,, CHjSOjR* 
or CN, wherey is an integer from 0 to 3; wherein, R 2 or R« = H, R* OR* OC(0)R 7 , N0 2 , 
NH2, N(R«) 2> CI, Br, I, F, CHO, COjR* C(0)N(R 4 ) 2 , C(N-OH)NH 2 , OP0 3 R* 
OPO^CH^CH,, CH 2 PO } R* OSOjR* OSO^CHj)^, CHiSOjR,, or CN, where j is an 
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28 integer from 0 to 3; wherein, R 3 = H, R«, OR«, GC(0)R 7 , N0 2 , NH* N^)* CI, Br, I, F, 

29 CHO, CO^, C^NCR*),, CCN-OHJNH* OPO^ OPO^Oy/TH,, CH^O^, OSO^, 

30 OS0 2 (CH2)pa 3> CHjSO^ or CN, where j is an integer from 0 to 3; wherein, R5 = H, OR*, 

31 OC(0)R 7 , NO* NH* NOW* CI, Br, I, F, CHO, CO^, C(0)N(R«) 2 , C(N~OH)NH* OPO^, 

32 OP0 2 (CH2) y CH 3 , CH 2 P0 3 R € , OSO^, OS^CHJjCH* CH 2 S0 3 R 6 , or CN, where j is an 

33 integer from 0 to 3; wherein, R 2 orR 4 = NO* CHO, (CRg^CR^CN or (CRg=CR 8 )*N0 2 , 

34 where k is an integer from 1 to 3, or 
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35 wherein, R« = H, C(CH 3 ) 3> CHCCH,),, CH^CHj)^ CH^KCH^CHa, or (CH^CH,, 

36 where m is an integer from 0 to 3; wherein, R 7 = R* OR* or N(R <5 ) 2 ; wherein R« = H or 

37 (CH^CHj; where n is an integer from 0 to 3; 

38 alternatively, for General Structure I, R, orRs = H, OR* OC(0)R 7 , N0 2 , NH* 

39 N(R^, CI, Br, I, F, CHO, CO.R* C^N^, C(N~OH)NH 2 , OPOjR* OPO^CH^CH,, 

40 CH 2 P0 3 R ti , OSO^, OS0 2 (CH 2 )/3l3, CH^OaR* or CN, where j is an integer from 0 to 3; 

41 wherein, R 2 = H, OR* OC(0)R 7 , N0 2 , NH* NOR,),, CI, Br, I, F, CHO, CO^, CCOJNfo),, 

42 C(N~OH)NH 2 , OP0 3 R* OPO^CH^CH,, CHjPOjR* OSO3R* OSO^CH,)^, CH^OaR* 

43 or CN, where j is an integer from 0 to 3; wherein, R 3 = H, OR* OC(0)R 7 , NO* NH* N(R^2, 

44 CI, Br, I, F, CHO, C0 2 R* C(0)N(R^, C(N~OH)NH2, OPOaR* OPO^CH^CHj, CH^OjR* 

45 OSO3R* OSO^CH^pHj, CHjSOjR* or CN, where j is an integer from 0 to 3; wherein, K> = 

46 H, OR* OC(0)R 7 , N0 2 , NH* NOU* CI, Br, I, F, CHO, CO^, C^NOU,, CXN-OtyNH* 

47 OPOaR* OPO^CH^CHa, CHiPOjR* OS0 3 R* OS0 2 (CH 2 ),CH 3 , CH 2 S0 3 R € , or CN, where j 

48 is an integer from 0 to 3; wherein R, or Rj » NO* CHO, (CR^K^^CN or (CR 8 =CR 8 ) Jt N0 2 , 

49 where * is an integer from 1 to 3; wherein, R^H, C(CH 3 >3, CUiCH^ CH 2 CH(CH 3 ) 2> 

50 CH(CH 3 )(CH 2 ) m CH 3 , or (CT^CH^ where mis an integer from 0 to 3; wherein, R 7 = R* 

51 OR* or N^)* wherein Rg = H or (CH 2 ) ff CH 3 ; where n is an integer from 0 to 3; 




General Structure II 



R 5 R4 



52 wherein, R, =H, OR* OC(0)R 7 , N0 2 , NH 2 , N(R^* CI, Br, I, F, CHO, CO^, C^N^, 

53 C(N~OH)NH 2 , OPOaR* OPO^CH^CH,, CH 2 POaR* OSOjR* OSO^CH^CH,, CH^O^, 

54 or CN, where 7 is an integer from 0 to 3; wherein, R 2 = H, OR,, OC(0)R 7 , N0 2 , NH 2 , NO^)* 

55 CU Br, I, F, CHO, CO.R* C^N^, CCN-OHJNH* OPOaR* OPO^CH^CH,, CH^OjR* 

56 OSOjR* OSO^CH^CH* CH 2 SOjR* or CN, where j is an integer from 0 to 3; wherein, R 3 = 

57 H, OR* OC(0)R 7 , NO* NH 2 , N(R^, CI, Br, I, F, CHO, C0 2 R* C(0)N(R«) 2 , C(N~OH)NH 2 , 

58 OPO^, OPO^CH^CH,, CH^OjR* OSOjR* OSO^CH^CHa, CH^OjR* or CN, where j 

59 is an integer from 0 to 3; wherein, R4 = H, OR* OC(0)R 7 , N0 2 , NH* Nfo)* CI, Br, I, F, 

60 CHO, C0 2 R* C^Nfly* CCN-OIONH* OPO^, OPO^CH^CH,, CH 2 P0 3 R* OS0 3 R* 

61 OS0 2 (CH2),CH 3 , CH^OjR* or CN, where j is an integer from 0 to 3; wherein, Rj = H or 
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62 (CH^CHa, where k is an integer from 0 to 4; wherein, R« = H, C(CH 3 ) 3 , CHtCH^ 

63 ^CHCCHj^, CH(CH 3 )(CH2) m CH 3 , or (CH^OIj, where ro is an integer from 0 to 3; 

64 wherein, R 7 = R«, OR* or N(R*) 2 ; 



HO 




General Structure Ilia 



Ri R 2 



65 wherein, R, = H, OR 3 , 0C(0)R«, N0 2> NH* N^, O, Br, I, F, OK), C0 2 R 3 , CVOytfQtJ,, 

66 C(N~0H)NH 2 , OP0 3 R 3 , OP0 2 (01 2 ) J CH 3 , CH^R,, 0S0 3 R 3 , OS0 2 (CHJjCn i9 CH^O^, 

67 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, 0(013)3, CH(CH 3 )2, 

68 CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) W CH 3 , or (CH^CH* where m is an integer from 0 to 3 ; 

69 wherein R 3 = H, C(CH 3 ) 3 , 01(01,),, CHjCHiCR^ CH(CH 3 )(OI 2 ) fn CH 3) or (CH^CH,, 

70 where m is an integer from 0 to 3; wherein, - R 3 , 0R 3 , or N(R 3 ) 2 ; 




General Structure nib 



71 wherein, R, = H, OR 3 , OC(0)R 4 , N0 2 , NH^ N(R 3 )* CI, Br, I, F, CHO, COJfc,, 0(O)N(R 3 ) 2 , 

72 C^-Ol^NH,, OPO^, OPO^CH^H,, CHjPO^, OS0 3 R 3 , OSO^CHJ^CH,, CHjSO^, 

73 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 )2, 

74 CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) nj CH 3 , or (CH^CHj, where mis an integer from 0 to 3; 

75 wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH^CH^ CH(CH 3 )(CH 2 ) OT CH 3 , or (CH^CH,, 

76 where m is an integer from 0 to 3; wherein, R« = R 3 , 0R 3 , or N(R 3 ) 2 ; 
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General Structure IVa 



77 wherein, R, = H, OR* OC(0)R 9 , NO* NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, CO^, C(0)N(Rg) 2 , 

78 C(N~OH)NH 2 , OPO^, OF0 2 (CR 2 )/JR„ CHjPO^, OS0 3 R €> OSq^GHJ^GHa, CH^Rg, 

79 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, ORg, OCCOJR* N0 2 , NH 2 , N^X, 

80 CI, Br, I, F, CHO, C0 2 Rg, C^Nfllg)* C(N~OH)NH 2 , OPO^, OPO.CCHj)^, CH 1 P0 3 R fl , 

81 OSOjRg, OSOjCCH^CHa, O^SOjRg, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

82 H, OR* OC(0)R9, N0 2 , NH 2 , NCRg)* CI, Br, I, F, CHO, C0 2 R«, C(0)N(Rg) 2 , C(N~OH)NH 2 , 

83 OP0 3 Rs, OPO^CHJjpi* CH^jRg, OSOaRg, OSO^CH^jCH,, CH^OjRg, or CN, where j 

84 is an integer from 0 to 3; wherein, R4 = H, OR 8 , 00(0)^, N0 2 , NH 2 , NflRg)* CI, Br, I, F, 

85 CHO, C0 2 Rg, C^Nfl^, C(N~OH)NH 2 , OPO^, OPO^CHJjCHj, CHjPO^, OSO^, 

86 OSOjCCHJ^CHa, CHjSO^, or CN, where j is an integer from 0 to 3 ; wherein, R 5 = H, OR* 

87 OC(0)R,, N0 2 , NH 2 , NCRg)* CI, Br, I, F, CHO, C0 2 Rg, C^NfRg),, C(N~OH)NH 2 , OP0 3 Rg, 

88 OPO^CHJyCHj, CH 2 P0 3 Re, OS0 3 Rg, OS0 2 (CH2) y CH 3 , CH^OjRg, or CN, where j is an 

89 integer from 0 to 3; wherein, R 6 = H, ORg, OC(0)R* NO* NH 2 , NCRg)* CI, Br, I, F, CHO, 

90 C0 2 Rg, C(<W(&di> C(N~OH)NH 2 , OP0 3 R«, OPO^Oy^CH* CHjPOjRg, OS0 3 Rg, 

91 OSO^CHJjjCH* CH^OaRg, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, ORg, 

92 OCO^R* N0 2 , NH 2 , NfRg),, CI, Br, I, F, CHO, C0 2 Rg, C^N^, C(N~OH)NH 2 , OP0 3 Rg, 

93 OPO^CH^CHa, CHjPOjRg, OS0 3 Rg, OSO^CHJ/^, CH^OjRg, or CN, where j is an 

94 integer from 0 to 3; wherein Rg = H, C(CH 3 ) 3 , CHCCH^ CH 2 CH(CH 3 ) 2 , 

95 CH(CH 3 )(CH 2 ) rj CH 3 , or (CH^CHj, where mis an integer from 0 to 3; wherein, R, = R* 

96 ORg,orN(Rg) 2 ; 




General Structure IVb 
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97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 

1 
2 
3 
4 
5 
6 



wherein, R, = H, OR,, OC(0)R,, NO* NH 2 , N(R^ 2 , CI, Br, I, F, CHO, C0 2 R,, aO)N(R 8 ) J , 
C(N-OH)NHj, OP0 3 R„ OPO^CHJjCHj, CHjEOjR,, OSO,R„ OSO^CH^H,, CH 2 SO,R„ 
or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR,, OC(0)R„ N0 2 , NH* N^,)* 
CI, Br, I, F, CHO, COjR,, C(0)N(RJj, CCN-OI^NHj, OP0 3 R,, OPO^CH^CHj, CH 2 PO,R„ 
OSOjR,, OS0 2 (CHj) ; CH 3 , CH^OjR,, or CN, where j is an integer from 0 to 3; wherein, R 3 = 
H, OR,, OC(0)R„ N0 2 , NHj, NflR,)* CI, Br, I, F, CHO, COjR,, C(0)N(R,) 2 , C(N-OH)NH 2) 
OPOjR,, OPO^CH^jCHj, CH 2 POjR,, OSOjR,, OSO^CH^/M,, CH 2 SO,R,, or CN, where j 
is an integer from 0 to 3; wherein, R, = H, OR,, OC(0)R,, N0 2 , NH 2 , N(R 8 ) 2) CI, Br, I, F, 
CHO, C0 2 R,, C(0)N(R,) 2 , C(N~OH)NH 2> OPOjR,, OPOjCCHjJCH,, CHjPO^, OSOjR,, 
OS0 2 (CH 2 )/3l3, CHiSOjR^ or CN, where j is an integer from 0 to 3; wherein, R s = H, OR,, 
OC(0)R„ N0 2 , NH 2 , NO^, CI, Br, I, F, CHO, C0 2 R,, QOJNfo)* C(N~OH)NH 2 , OPOjR,> 
OP0 2 (CH 2 ) 7 CH3 J CHjPOjR,, OS0 3 R„ OSO^CHJ^CH,, CH.SOA, or CN, where j is an 
integer from 0 to 3; wherein, R« = H, OR,, OC(0)R„ NO* NH* NCR,)* CI, Br, I, F, CHO, 
C0 2 R,, CCCONCR^, CCN-OH^NH* OPOjR,, OPOjCCH^yCH,, CH 2 PO,R„ OSO^ 
OSO^CH^yCHj, CHjSOjR,, or CN, where j is an integer from 0 to 3; wherein, R, = H, OR,, 
OC(0)R» NO,, NH* NCR,)* CI, Br, I, F, CHO, C0 2 R,, QON^ C(N~OH)NH* OPO,R„ 
OPO^CHj)/^,, CHjPOaR,, OSOjR,, OSO^CH^CH* CHjSOjR,, or CN, where j is an 
integer from 0 to 3; wherein, R, = H C(CH 3 ) 3 , CH(CH 3 )* CH 2 CH(CH 3 ) 2 , 
CHCCHjXCH^CHj, or (CHj^CH* where mis an integer from 0 to 3; wherein, R, = R,, 
OR,, or NCR,)* 

9. A method of measuring sialidase activity in a sample comprising the step of 
contacting said sample with a composition comprising a chromogenic sialidase substrate 
compound having a formula selected from the group consisting of General Structure I; 
General Structure II, General Structure Ilia; General Structure nib; General Structure IVa; 
General Structure IVb; and analogs, salts, and derivatives of the General Structures, wherein 
the General Structures are defined as follows: 




General Structure I 
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7 wherein, R, = H, R* OR* OC(0)R 7 , NO,, NH^ NHCP)^, NHCXOOR,, CI, Br, I, 

8 F, CHO, COJ^, C^N^ C(N~OH)NH 2 , OPOaR* OPOj(CHJj,CH 3 , CH^OjR* OSO,R«, 

9 OSO,(CH^CH„ CHjSOjRs, or CN, where j is an integer from 0 to 3; wherein R 2 = H, R* 

10 OR* OC(0)R 7 , NO* NH„ NHQO)^, NHC(0)OR 4 , a, Br, I, F, CHO, CO^, 

1 1 C(0)N(R^, C(N-OH)NH 2 , OPO3R* OPO^CHOpi,, CH^R* OSOjR* OSO^CH^/M,, 

12 CHjSOjRs, or CN, wherey is an integer from 0 to 3; wherein R, = H, R* OR* OC(0)R 7 , N0 2 , 

13 ^ 2 ,N(RJ 2 ,NHC(0)R c ,raC(0)OR & Cl,Br,I,F,CHO,C0 2 R fc aO)N(R s ) 2 , 

14 C(N-OH)NH 2 , OPOaRs, OPO^CH^/^CHjPOjR,, OSOjR* OSOJCRJjCR,, CHJS03R* 

1 5 or CN, where 7 is an integer from 0 to 3; wherein R J = H,R 4 , OR«, OC(0)R 7) N0 2 , NH^ 

16 N(Rj)j, NHC(0)R«, NHC(0)OR«, CI, Br, I, F, CHO, CO^, €(0)^^ CXN-OtyNH,, 

17 OPOA, OPOjCCH^yCHj, O^POjR* OSOjRj, OSO^CHj)/^,, CHjSO^, or CN, where j is 

18 an integer from 0 to 3; wherein, R 3 =N0 2) CHO, (CR s =CR0 4 CN or (CRjORj^NO,, where 

19 * is an integer from 1 to 3, or 
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20 wherein, R, = H, C(CH } )„ CHCCHj)* CHjCHCCHj)* CH(CH 3 )(CH 2 ) m CH J , or (CH^CHj, 

21 where m is an integer from 0 to 3; wherein, R 7 = R«, OR«, or N(Rs) 2 ; wherein R, = H or 

22 (CHjXCH,; where n is an integer from 0 to 3; 

23 alternatively, for General Structure 1, 

24 R, = H, R 4 , OR* OC(0)R 7 , N0 2) NH 2 , N^, CI, Br, I, F, CHO, CO.R* C^N^ 

25 CXN-OH)^ OP0 2 (CHJ[,CH„ CHjPOjR*. OSOjR* OSO^CH^CHj, CH^SO^, 

26 or CN, where j is an integer from 0 to 3; wherein, R 2 or R, = H, OR 6 , OC(0)R 7 , N0 2 , 

27 NH 2 , NCR^, CI, Br, I, F, CHO, CO^, QOJNOU,, C(N-OH)NH 2 , OPOjRj, 

28 OPOjCCH^CHj, CHjPOjR,, OSOjR*. OSO^CH^yCH,, CH2S03R;, or CN, where; is an 
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29 integer from 0 to 3; wherein, R 3 = H, R«, OR,, OC(0)R 7 , N0 2 , NH* CI, Br, I, F, 

30 CHO, COiR* C(0)N(R^, CCN-OIQNH* OPOjR* OPO^CH^CH* CHjPOjR,, OSOjR,, 

31 OS0 2 (CHj)pH 3 ,CH 2 S03R*or<^,where/isanm^^ 

32 OC(0)R 7> NOj, NHj, N(R^, CI, Br, I, F, CHO, CO^, C(OJN(R«)» CCN-OH)^ OPOjR,, 

33 0PO 2 (CH JyCHj, CHjPOjR,, OSOjR* OSO^CH^CH,, CHjSO,^, or CN, where j is an 

34 integer from 0 to 3; wherein, R 2 or R, = N0 2 , CHO, (CR 8 =CR 8 ) i CN or (CRrCR^NO,, 

35 where A is an integer from 1 to 3, or 
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36 wherein, R» = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CHj^CH,),, CH(CH J )(CH J ).,CH J , or (CH^CH,, 

37 where m is an integer from 0 to 3; wherein, R 7 = R* ORg, or N(Rs)j; wherein Rg = H or 
3 8 (CH^CHjj where n is an integer from 0 to 3; 

39 alternatively, for General Structure I, R, or R, = H, OR* OC(0)R 7 , NO* NH 2> 

40 NCRg)^ CI, Br, I, F, CHO, COjR* C^NfR,)* C(N~OH)NH 2 , OPOjR* OPO^CH^jCH,, 

41 CHjPOjR* OSOJR* OSOjCCHiJyCHj, CH 2 SOjR* or CN, where/ is an integer from 0 to 3; 

42 wherein, R 2 = H, OR* OC(0)R 7 , NO* NH 2 , N(RJ* CI, Br, I, F, CHO, COjR* C(0)N(R«) 2 , 

43 C(N~OH)NH 2 , OPO,R* OPOjCCHjJCH,, CH 2 POjR* OSO,R* OSO^CHJjpij, CH 2 S0 3 R* 

44 or CN, where j is an integer from 0 to 3; wherein, R 3 = H, OR* OC(0)R 7 , NO* NH 2 , NCRJ* 

45 CI, Br, I, F, CHO, CO.R* C^N^RJ* CCN-OH^NH* OP0 3 R* OPQ^CHJjCH,, CH 2 P0 3 R* 

46 OS0 3 R* OSO^CH^jCHj, CH 2 SQjR* or CN, where / is an integer from 0 to 3; wherein, R, = 

47 H, OR* OC(0)R 7 , N0 2 , NH 2 , NOU* CI, Br, I, F, CHO, CC^R* C(0)N(R«) 2 , C(N~OH)NH 2 , 

48 OP0 3 R* OP0 2 (CH 2 ) ; CH 3 , CH 2 POjR* OS0 3 R* OSO^Ol^CHj, CH 2 SOjR* or CN, where./ 

49 is an integer from 0 to 3; wherein R, or R 5 = N0 2 , CHO, (CRgK^CN or (CR 8 =CR 8 ) A N0 2 , 

50 where * is an integer from 1 to 3; wherein, R« = H, C(Ca&, CH(CH 3 ) 2 , CHjCH(CR 3 ) 2> 

5 1 CH(CH 3 )(CH 2 )„CH 3> or (CH^CH,, where m is an integer from 0 to 3; wherein, R 7 = R* 

52 OR* or N(R«) 2 ; wherein Rg = H or (CH^CH* where n is an integer from 0 to 3; 




General Structure II 



Rs R4 



53 wherein, R, = H, OR* OC(0)R 7 , NO* NH 2 , N(R«) 2 , CI, Br, I, F, CHO, C0 2 R* C^NtR*)* 

54 C(N-OH)NH 2 , OPOjR* OPO^OH^CHj, CH 2 POjR* OS0 3 R* OSO^CH^CHj, CHjSO^, 

55 or CN, where / is an integer from 0 to 3; wherein, R 2 = H, OR* OC(0)R 7 , N0 2 , NH* N^)* 

56 CI, Br, I, F, CHO, C0 2 R* C(0)N(R4) 2 , C(N-OH)NH 2 , OPOjR* OPO^CH^CHj, CH 2 P0 3 R* 

57 OS0 3 R* OS0 2 (CH 2 )yCHj, CH 2 S0 3 R* or CN, where/ is an integer from 0 to 3 ; wherein, R 3 = 

58 H, OR* OC(0)R 7 , NO* NH 2 , Nfl^, CI, Br, I, F, CHO, C0 2 R* C(0)N(RJ 2 , C(N~OH)NH 2 , 

59 OP0 3 R* OPO^CHJyCHj, CH^OjR* OSOjR* OSO^CH^CH,, CH 2 SOjR* or CN, where/ 

60 is an integer from 0 to 3; wherein, R, = H, OR* OC(0)R 7 , N0 2 , NH* Nfl^)* CI, Br, I, F, 

61 CHO, C0 2 R* C(0)N(R4) 2 , (^N-OFQNH* OPOjR* OPO^CH^CH* CH 2 P0 3 R* OSOjR* 

62 OSOjtCH^CHj, CH 2 SOjR* or CN, where / is an integer from 0 to 3; wherein, R 3 = H or 
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63 (CH^CHa, where k is an integer from 0 to 4; wherein, R* = H, C(CH 3 ) 3 , CH(CH 3 )2, 

64 CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH2) OT CH 3 , or (CH^CHj, where mis an integer from 0 to 3; 

65 wherein, R 7 = R* OR* or N(R*) 2 ; 




General Structure ma 



Ri R 2 



66 wherein, R, = H, OR 3 , OC(0)R 4> NO* NH* N(R 3 )* CI, Br, I, F, CHO, CO^, CXOJN^, 

67 C(N~OH)NH 2) OP0 3 R 3 , OPO^CH,)/^, CH^O^, OS0 3 R 3 , OSO^CH^CH^ CH 2 S03R 3 , 

68 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 )2, 

69 CH 2 CH(CH 3 ) 2 , CHCCH.XOI^CH^ or (CH^CHj, where to is an integer from 0 to 3; 

70 wherein R 3 = H, C(CH 3 ) 3 , CHCCH^, CH^HCCH^, CH(CH 3 )(CH 2 ) M CH 3 , or (CH^CH,, 

71 where to is an integer from 0 to 3; wherein, R* = R 3 , OR 3 , or N(R 3 )j; 




General Structure Bib 



72 wherein, R, - H, OR 3 , 00(0)^, NO,, NH^ N^),, CI, Br, I, F, CHO, CO^, C(0)N(R 3 ) 2 , 

73 C(N~OH)NH 2 , OPOjR,, OPO^CHJ^CHj, CH 2 P0 3 R 3 , OS0 3 R 3 , OSO^CH^CH,, CH.SO^, 

74 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CHCCH^ 

75 CH 2 CH(CH 3 )2, CHCCH^CH^^, or (CH^CH,, where to is an integer from 0 to 3; 

76 wherein R 3 - H, C(CH 3 ) 3 , 01(01^, CH.C^CH,),, CH^XCH^CH,, or (CH^CH,, 

77 where m is an integer from 0 to 3; wherein, R4 = R 3 , OR 3 , or N(R 3 ) 2 ; 




General Structure IVa 
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78 wherein, R, = H, OR„ OC(0)R* N0 2 , NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, C0 2 Rg, C(0)N(Rg) 2 , 

79 CtN-OIQNHj, OPOjR,, OPO^CH^CH,, CHjPOjRg, OSOjR* OSO^CH^CHj, CH 2 S0 3 Rg, 

80 or CN, where y is an integer from 0 to 3; wherein, R 2 = H, ORg, OC(0)R,, N0 2 , NH 2 , N(Rg) 2 , 

81 CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , CON-O^NH,, OP0 3 R,, OPO^CH^CHj, CHjPOjR,, 

82 OSOjRj, OSO^CH^Hj, CH 2 S0 3 R«, or CN, where./ is an integer from 0 to 3; wherein, R 3 = 

83 H, OR,, OC(0)R,, N0 2 , NH* NCR,),, CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , C(N~OH)NH 2 , 

84 OPOjR,, OPO^CHj)/^,, CH.POjR,, OS0 3 Rg, OSO^CHj)^, CHjSOjR,, or CN, where j 

85 is an integer from 0 to 3; wherein, R« = H, ORg, OC(0)R„ N0 2 , NH 2 , NpRg^, CI, Br, I, F, 

86 CHO, C0 2 R 8 , CCOJNCRg)* CCN-OHJNH* OP0 3 Rg, OPO^CR^JCR,, CHjPOjRg, OSOjRg, 

87 OSO^CH^Hj, CH 2 SO,Rg, or CN, where j is an integer from 0 to 3 ; wherein, R 5 = H, ORg, 

88 OC(0)R* N0 2 , NH 2 , NCRg)* d, Br, I, F, CHO, C0 2 Rg, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, 

89 OPO^CH^Hj, CHjPO^,, OS0 3 R„ OSO^CH^CH,, CHjSOjRg, or CN, where j is an 

90 integer from 0 to 3; wherein, R« = H, OR,, OC(0)R* NO* NH 2 , NCRg)^ CI, Br, I, F, CHO, 

91 C0 2 R,, CCOJNCRg),, CON-OtyNH* OPOjR,, OPO^CH^^CHj, CHjPOjR,, OSOjRg, 

92 OSO^CH^yCHa, CH^OjR* or CN, where j is an integer from 0 to 3; wherein, R 7 = H, OR,, 

93 OC(0)R» N0 2 , NH* NOR,)* CI, Br, I, F, CHO, C0 2 R„ C^NCR,),, C(N~OH)NH 2 , OPOjRg, 

94 OPO^CH^CHj, CHjPOjRg, OSO,R„ OSOjCCH^CH,, CHjSOjRg, or CN, where j is an 

95 integer from 0 to 3; wherein Rg = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 )j, 

96 CHCCHjXCH^CHj, or (CH 2 ) m CH 3 , where m is an integer from 0 to 3 ; wherein, R, = Rg, 

97 ORfoOrNCRgXjand 




General Structure IVb 



98 wherein, R, = H, OR,, OC(0)R„ NO,, NH 2 , N(Rg)j, CI, Br, I, F, CHO, COjR,, C(0)N(Rg) 2 , 

99 C(N-OH)NH 2 , OPOjRg, OPOXCH^CH,, CHjPOjRg, OSO^, OSO^CH^CH,, CHjSOjRg, 

100 or CN, where./ is an integer from 0 to 3; wherein, R 2 = H, OR,, OC(0)R* N0 2 , NH 2 , N(Rg) 2 , 

101 CI, Br, I, F, CHO, C0 2 Rg, C^NCRg)* C(N~OH)NH 2 , OPO^, OPO^CH^^CHj, CHjPO^, 

102 OSOjRg, OSOjCCH^yCHj, CH^OjRg, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

103 H, ORg, OC(0)R» NO* NH 2 , NCR*),, CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , C(N~OH)NH 2 , 

104 OPOjR,, OPO^CH^jCH,, CHjPOjRg, OSOjRg, OSO^CHJ^CHj, CH 2 S0 3 Rg, or CN, where j 
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105 
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107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
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1 
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4 
5 
6 
7 
8 
9 
10 
11 
12 
13 



is an integer from 0 to 3; wherein, = H, OR* OC(0)R,, N0 2 , NH 2> N(Rg)j, CI, Br, I, F, 
CHO, CCytg, C(0)N(Re)„ CCN-OHJNH* OP0 3 R„, OPO^CHJjCHj, CHjPOjRg, OSOjRg, 
OSOjCCHjJyCH,, CHjSOjJRg, or CN, where y is an integer from 0 to 3; wherein, R, = H, OR* 
OC(0)R* NOj, NH 2 , N(R„) 2 , CI, Br, I, F, CHO, COjR,, C^N^ CCN-OBDNHj, OPOjR* 
OPO^CH^CH* CHjPOjRj, OSOjR,, OSO^CHJyCHj, CH 2 S0 3 Rg, or CN, where j is an 
integer from 0 to 3; wherein, R« = H, OR„, OC(0)R* NO* NH 2 , NfRg)* CI, Br, I, F, CHO, 
COjR* C(0)N(Rg)2, CCN-OH^NH,, OPOjR* OPO^CH^CHj, CHjPOjR,, OSOjRg, 
OSO^CHjJyCHj, CHjSOJRb, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, ORg, 
OC(0)R,, NOj, NHj, NO^j, CI, Br, I, F, CHO, COjR,, C(0)N(R 8 ) 2 , C(N~OH)NH 2 , OPOjR,, 
OPO^CH^yCHj, CHjPOjR,, OSOjR,, OSO^CH^/THj, CH^OjR,, or CN, where j is an 
integer from 0 to 3; wherein, R 8 = H, C(CH 3 )3, CH(CH 3 ) 2 , O^CHCCH,)* 
CH(CH 3 )(CHj)„CH 3 , or (CH^CHj, where mis an integer from 0 to 3; wherein, R, = R,, 
ORb.otNOR^. 

10. The method, according to claim 9, wherein said compound has the following 
formula: 



wherein, R, = H, R«, OR* OC(0)R 7 , NO,, NH 2 , N^)* NHC(0)R lS , NHQOpRa, CI, Br, I, 
F, CHO, COjR., C^N^ C(N-OH)NH 2 , OPOjR* OPO^CH^CH,, CHjPOjR* OSOjR* 
OSO^CH^yCHa, CH^OjRs, or CN, where j is an integer from 0 to 3; wherein R 2 = H, R«, 
ORt, OC(0)R 7 , NO* NHj, NOU* NHCCOJR* NHC(0)ORs, CI, Br, I, F, CHO, CO.Rg, 
C(0)N(R 4 ) 2 , C(N~OH)NH 2 , OPOjR., OPO^CH^yCHj, CH^OA, OSOjRs, OSO^CH^CH,, 
CHiSOjRs, or CN, where j is an integer from 0 to 3; wherein R, = H, Rg, ORg, OC(0)R 7 , N0 2 , 
NHj, N(Rg) 2 , NHC(0)Rg, NHC(0)ORg, CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2) 
C(N-OH)NH 2 , OPO^ 0PO 2 (CH 2 ) / CH 3 ,CH 2 P0 3 R < , OSO^, OSOjCCH^CHj, CH^OjRg, 
or CN, where j is an integer from 0 to 3; wherein Rj = H, Rg, ORg, OC(0)R 7 , NOj, NHj, 
N(Rg) 2 , NHC(0)Rg, NHC(0)ORg, CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , C(N~OH)NH 2 , 
OPOjRg, OPO^CHj^CHj.CHjPOjRg, OSOjRg, OSO^CH^CHj, CH 2 S0 3 R«, or CN, where j is 
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14 an integer from 0 to 3; wherein, R 3 = NO^ CHO, (CRgK^^CN or (<^=CX*) k N0 2 , where 

15 k is an integer from 1 to 3, or 




16 wherein, R* = H, C(CH 3 ) 3 , CHCCH,)* CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) OT CH 3 , or (CH^CH,, 

17 where m is an integer from 0 to 3; wherein, R 7 = R«, OR,, or NfR,^; wherein R* = H or 

18 (CH^CHjj where n is an integer from 0 to 3; 

19 alternatively, for General Structure I, 

20 R, = H, R,, OR,, OC(0)R 7 , NO* NH 2 , NCRJ* CI, Br, I, F, CHO, CO^, C(0)N(R^ 2 , 

21 C(N~OH)NH 2 , 0P0 3 R,, OPO^OT^CH,, C^PO^, OS0 3 R<, OSO^CH^H,, CH 2 S0 3 R,, 

22 or CN, where j is an integer from 0 to 3; wherein, R 2 or = H, R,, OR,, OC(0)R 7 , N0 2 , 
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23 NH 2 , Nfll^ CI, Br, I, F, CHO, C0 2 R* C^N^ CCN-OIflNH,, OPOjR* 

24 OPOjCCH^CHa, CH 2 POjR«, OSOJR* OSO^CHj)/^, CH^OjR* or CN, where j is an 

25 integer from 0 to 3; wherein, R 3 = H, R«, OR* OC(0)R 7 , N0 2 , NH 2 , N^, CI, Br, I, F, 

26 CHO, CO.R* C^Nflg* CCN-OH)^ OPO^, 0?0 2 (CHJjCR 3 , CH^jR* OSOjR* 

27 OSO^CH^CHa, CH 2 S0 3 R«> or CN, where j is an integer from 0 to 3; wherein, R 5 = H, OR* 

28 OC(0)R 7 , NO,, NH 2 , Nfl^, a Br, I, F, CHO, CO^, C^N^, C(N~OH)NH 2 , OPO3R* 

29 OPO^CHJ^CHa, CHjPOjR* OSOjR* OSO^CHz)^, CH^O^ or CN, where j is an 

30 integer from 0 to 3; wherein, R 2 or R« = NO^ CHO, (CR«=CR 6 ) i CN or (CRgKH^NOj, 

31 where A is an integer from 1 to 3, or 
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32 wherein, R* = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 )2> CH(CH 3 XCH2) m CH 3 , or (CH^CH,, 

33 where m is an integer from 0 to 3; wherein, R 7 = R*, OR*, or NCR*)^ wherein R 8 = H or 

34 (CH 2 ) lf CH 3 ; where n is an integer from 0 to 3; 

35 alternatively, for General Structure I, R, or Rj = H, OR* OC(0)R 7 , N0 2 , NH 2 , 

36 N(R*)* CI, Br, I, F, CHO, CO^ C(0)N(R*) 2 , CXN-OHJNH* OP0 3 R*, OPO.CCHJi/CH* 

37 CHjPOjRtf, OS0 3 R*, 0502(012X013, CH 2 S0 3 R*, or CN, where j is an integer from 0 to 3; 

38 wherein, R 2 = H, OR*, OC(0)R 7 , N0 2 , NH* N(R*) 2 , CI, Br, I, F, CHO, CO^ C^NCR*)* 

39 C(N~0H)NH* OPOaR*, OP0 2 (CH 2 ) J CH 3 , CH^OaR*, OSOaR*, OSO^CH^yCHa, CH 2 SOaR*, 

40 or CN, where j is an integer from 0 to 3; wherein, R 3 - H, OR*, OC(0)R 7 , NO* NH 2 , N(R*)2, 

41 Q, Br, I, F, CHO, C0 2 R*, C^NfR*)* C(N~OH)NH 2 , OP0 3 R*, OPO^CH^yCHa, CHiPOaR*, 

42 OSOaR*, OSO^CHJfyCHa, CH 2 SOaR*, or CN, where j is an integer from 0 to 3; wherein, R* = 

43 H, OR*, OC(0)R 7 , NO* NH* N(R*)* CI, Br, I, F, CHO, COjR*, C(0)N(R*) 2 , C(N~OH)NH 2 , 

44 OP0 3 R*, OPO^CH^CH* CH^OaR*, OSOaR*, OSO^CH^CH,, CHjS0 3 R*, or CN, where j 

45 is an integer from 0 to 3; wherein R t or R5 = N0 2 , CHO, (CRe=CR 8 ) A CN or (CRg^R^NO* 

46 where A: is an integer from 1 to 3; wherein, R* = H, C(CH 3 ) 3 , CH(CH 3 )2, CHjCHCCHj)* 

47 CH(CH 3 )(CH2) ra CH 3 , or (CH^CH* where m is an integer from 0 to 3; wherein, R 7 = R 6 , 

48 OR*, or N(R*) 2 ; wherein R,, = H or (CH^CH^, where n is an integer from 0 to 3. 

1 11. The method, according to claim 9, wherein said compound has the following 

2 formula: 




General Structure II 



Rs R4 



3 wherein, R t = H, OR*, OC(0)R 7 , NO* NH* N(R*) 2 , CI, Br, I, F, CHO, COjR*, C(0)N(R*)2, 

4 C(N~OH)NH 2 , OP0 3 R*, OPO^CH^Ha, CH 2 POaR*, OSOaR*, OSO^CH^CH* CH 2 SOaR*, 

5 or CN, where j is an integer from 0 to 3; wherein, R* = H, OR*, OC(0)R 7 , N0 2 , NH 2 , N(R*)* 

6 CI, Br, I, F, CHO, COJR*, C(0)N(R*) 2 , CCN-OIQNH* OP0 3 R*, OPO^CH^CH,, CH 2 P0 3 R*, 

7 OSOjR*, OSO^CH^CHa, CH 2 SOaR*, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

8 H, OR*, OC(0)R 7 , N0 2 , NH* N(R*)* CI, Br, I, F, CHO, C0 2 R*, C(0)N(R*) 2 , CfN-O^NH* 

9 OPOjR*, OPO^CH^CHa, CH 2 P0 3 R*, OS0 3 R*, OSO^CH^CH,, CH^O^, or CN, where j 
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is an integer from 0 to 3; wherein, = H, OR«, OC(0)R 7 , NO* NH* N(R 6 ) 2 , CI, Br, I, F, 
CHO, C0 2 R«, C^NCRJ* C(N-OH)NH2, OP0 3 R«, OEO^CH^CHa, CH 2 P0 3 R^ OSOjR* 
OSO^CH^CH* CHjSOjR^, or CN, where j is an integer from 0 to 3; wherein, R 5 = H or 
(CH^CH^ where k is an integer from 0 to 4; wherein, R* = H, C(CH 3 )3, CH(CH 3 ) 2s 
CH 2 CH(CH 3 ) 2 , CHCCH^CH^CH^ or (CH^O^, where mis an integer from 0 to 3; 
wherein, R 7 = R«, OR 6 , or NQ^. 

12. The method, according to claim 9, wherein said compound has the following 
formula: 




General Structure Ilia 



wherein, R, - H, OR 3> OC(0)R<, NO* NH 2 , N(R 3 ) 2 , Ci, Br, I, F, CHO, CO^, C(0)N(R 3 ) 2 , 
C(N~OH)NH2, OPO.R,, OPO^CH^CH,, CH^O^, OS0 3 R 3 , OSO^GH^GH,, CH 2 S0 3 R 3 , 
or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CHiCR^, 
CH 2 CH(CRy) 2) CH(CH 3 )(CH 2 ) OT CH 3 , or (CH^CHj, where mis an integer from 0 to 3; 
wherein R 3 - H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (CH^CH,, 
where mis an integer from 0 to 3; wherein, R4 = R 3 , GR^, or NfR^. 

13. The method, according to claim 9, wherein said compound has the following 
formula: 




General Structure III 



Rf v O ^O 

wherein, R, = H, OR 3 , OCXOJR*, N0 2 , NH 2 , N(R 3 ) 2 , CI, Br, I, F, CHO, C0 2 R 3 , C(0)N(R 3 ) 2 , 
C(N~OH)NH 2 , OPOjR*, OPO^CH,)/^, CH^O^, 0S0 3 R 3 , OSO^CH^CH,, CHjSOjR,, 
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5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 >3, CH(CH 3 )2, 

6 O^CHfCHj)* CHCCH^CH^CH,, or (CH 2 ) m CH 3 , where m is an integer from 0 to 3; 

7 wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 )2, CH 2 CH(CH 3 )2, CH(CH 3 )(CH 2 ) ra CH 3 , or (CH^CH* 

8 where m is an integer from 0 to 3; wherein, R< = R 3 , OR 3 , or NCR^. 

1 14. The method, according to claim 9, wherein said compound has the following 

2 formula: 




General Structure IVa 



3 wherein, R, = H, OR 8 , OC^R* N0 2 , NH 2 , N(R«) 2 , CI, Br, I, F, CHO, CO^, C(0)N(R 8 ) 2 , 

4 C(N~OH)NH 2 , OPO^, OPO^CH^CH,, CHJtOJl* OSO^, OSO^CH^CH,, CH^O^, 

5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR,,, OCCOJR* N0 2 , NH 2 , N(Re) 2 , 

6 CI, Br, I, F, CHO, CO^, C^Nfly,, C(N~OH)NH 2 , OPO^, 0P0 2 (CH 2 ),CH 3 , CH 2 P0 3 Re, 

7 OSO^, OSOjCCH^CHj, CHiSOjR* or CN, where j is an integer from 0 to 3; wherein, R 3 = 

8 H, ORe, OC(0)R>, N0 2 , NH^ N(Re) 2 , CI, Br, I, F, CHO, C0 2 Re, CCOJNfl^ CCN-OtyNH* 

9 OP0 3 Ra, OPO^CH^CHj, CH 2 POjR 8 , OSO^, OSO z (CH 2 ) / CH 3 , CH^O^, or CN, where j 

10 is an integer from 0 to 3; wherein, R< « H, OR* 00(0^, N0 2 , NH* N^)^ CI, Br, I, F, 

1 1 CHO, CO^, QOJNCRg),, C^-OH)!^ OPO^, OPO^CH^CH^ CH^O^, OSO^, 

12 OS0 2 (CH 2 ) 7 CH 3 , CHjSOjRg, or CN, where j is an integer from 0 to 3; wherein, Rj = H, OR* 

13 OC^R* N0 2 , NH 2 , N(Rfi) 2 , CI, Br, I, F, CHO, CO^, C^Nfo),, C(N~OH)NH 2 , OP0 3 R«, 

14 OPO^CH^CHj, CHjPO^, OSO^, OSO^CH^CHj, CHjSOaRa, or CN, where j is an 

1 5 integer from 0 to 3; wherein, R 6 = H, OR* OQO^, NO* NH 2 , N(Ra) 2 , CI, Br, I, F, CHO, 

16 C0 2 R* C(0)N(R*) 2 , C(N~OH)NH 2 , OPO^, OPO^CH^H,, CH 2 P0 3 R* OSOjR* 

1 7 OSO^CH^CHj, CH^OjRs, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, OR* 

18 OC(0)R>, N0 2 , NH* NCRs),, CI, Br, I, F, CHO, CO^, C^NORa)* C^N-OH)!^ OPO^, 

1 9 OPO/OT^CH* CHzPOjRe, OSOjR* OSO^CH^CH* CH 2 S0 3 R* or CN, where j is an 

20 integer from 0 to 3; wherein R 8 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CHjCHCCHJ* 
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2 1 CH(CH 3 )(CH2) m CH 3) or (CH^CHj, where mis an integer from 0 to 3; wherein, R, = R,, 

22 ORg, orN(Rg)j. 

1 IS. The method, according to claim 9, wherein said compound has the following 

2 formula: 




General Structure IVb 



3 wherein, R, = H, OR,, OC(0)R» NO* NH 2 , NCR,)* CI, Br, I, F, CHO, COA, C(0)N(R,) 2 , 

4 C(N~OH)NH 2 , OPO^, OPO^CH^CH,, CHjPOjR,, OS0 3 Rg, OS0 2 (CH 2 ),CH 3 , CH 2 S0 3 Rg, 

5 or CN, wherej is an integer from 0 to 3; wherein, R 2 = H, OR,, OC(0)R„ N0 2 , NH 2 , NfR,)* 

6 a, Br, I, F, CHO, C0 2 R,, C(0)N(Rg) 2 , C(N-OH)NH 2 , OPOjRg, OPO^CH,)^, CHjPOjR,, 

7 OS0 3 R«, OSO^CH^/THj, CH 2 SOjR 8 , or CN, where j is an integer from 0 to 3; wherein, R 3 = 

8 H, ORg, OC(0)R* N0 2 , NH 2 , N(R S ) 2 , CI, Br, I, F, CHO, CO&, C(0)N(Rg) 2 , C(N-OH)NH 2 , 

9 OPOjRg, OPOjCCHi)^, CHjPOjRg, OSOjR,, OSOjCCH^CH,, CH 2 SOjRg, or CN, where j ' 

10 is an integer from 0 to 3; wherein, R« = H, OR., OC(0)R„ NO* NH 2 , N(Rg) 2 , CI, Br, I, F, 

1 1 CHO, COjRs, CCO^OIb),, C(N-OH)NH 2 , OPOjRg, OPO^CH^Hj, CH^jR,, osoa, 

12 OSO^CHOyCH,, CHjSOaRg, or CN, where j is an integer from 0 to 3; wherein, Rj = H, OR,, 

13 0C(O)R„ NO* NH* N(Rg)* CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , CCN-OIQNH* OPOjR,, 

14 OP0 2 (CH 2 )pi 3 , CHjPOjR,, OSOjRg, OSO/CH^H,, CHjSOjRg, or CN, where j is an 

1 5 integer from 0 to 3; wherein, R 6 = H, ORg, OC(0)R„ N0 2 , NH 2 , N(Rg)j, CI, Br, I, F, CHO, 

16 COiRg, C(0)N(R 8 ) 2 , C(N~OH)NH 2 , OPOjRg, OPO^CH^CHj, CHjPOjR,, OSOjR,, 

1 7 OSO^CHOyCHj, CH 2 S0 3 R„ or CN, where j is an integer from 0 to 3; wherein, R ? = H, ORg, 

18 OC(0)R„ NO* NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, COjRg, C(0)N(Rg) 2 , C(N-OH)NH 2 , OP0 3 Rg, 

1 9 OP0 2 (CH 2 ) > CH 3 , CHjPOjRg, OSO^, OSO^CH^H,, CH 2 SO,R„ or CN, where j is an 

20 integer from 0 to 3; wherein, Rg = H, C(CH 3 )j, CH(CH 3 ) 2 , CH^CH,)* 

21 CH(CH 3 )(CH 2 )„,CH 3) or (CH^CH* where m is an integer from 0 to 3; wherein, R 9 = R 8 , 

22 OR 8 ,orN(R 8 ) 2 . 
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1 16. A method of making a composition for measuring sialidase activity comprising 

2 the step of admixing a carrier with a chromogenic sialidase substrate compound having a 

3 formula selected from the group consisting of General Structure I; General Structure II, 

4 General Structure Ma; General Structure nib; General Structure IVa; General Structure IVb; 

5 and analogs, salts, and derivatives of the General Structures, wherein the General Structures 

6 are defined as follows: 




General Structure I 



R 2 

7 wherein, R l = H, R,, OR«, OC(0)R 7 , N0 2 , NH 2 , NHC(0)R«, NHC(0)OR 6 , CI, Br, I, 

8 F, CHO, C0 2 R«, C^N^, C(N~OH)NH 2 , OPO^, OP0 2 (CRJjCn 3 , CH 2 P0 3 R«, OS0 3 R«, 

9 OSO^CH^yCHs, CHjSOjR^, or CN, where j is an integer from 0 to 3; wherein R 2 = H, R«, 

10 OR,, OC(0)R 7 , NO,, NH^ N^)* NHC(0)R«. NHC^OR* CI, Br, I, F, CHO, COA, 

1 1 C(0)N(R«) 2 , C(N-OH)NH 2 , OP0 3 R«, OP0 2 (CH 2 ) y CH 3 , CH 2 P0 3 R«, OSO^ OS0 2 (01JjCR 3 , 

12 CHiSOjR,, or CN, where j is an integer from 0 to 3; wherein R^H, R* OR* OC(0)R 7 , N0 2 , 

13 NH 2 , N(R^ 2 , NHCCOJR,, NHC^OR* CI, Br, I, F, CHO, C0.R* C^NOU* 

14 COSI-OHQNH* OPOaR,, OPO^CH^CH,, CH 2 P0 3 Re, OSO^, OSO^CH^CH,, CH^O^, 

15 or CN, where j is an integer from 0 to 3; wherein R 5 = H, R* OR*, OC(0)R 7 , N0 2 , NH* 

16 N(R«) 2 , NHC(0)R«, NHCCOOR* CI, Br, I, F, CHO, CO^ C^NCR*),, C(N~OH)NH2, 

17 OPOjR* OP0 2 (CH2)/:H3, CHzPOjR* OSOjR,, OSO^CH^CH^ CH^OjR* or CN, where ; is 

1 8 an integer from 0 to 3; wherein, R 3 = NO,, CHO, (CRe^CR^^CN or (CR € =CR s )*N0 2 , where 

19 A is an integer from 1 to 3, or 
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20 wherein, R* = H, C(CH 3 )3. CHCCHj),, CH 2 CH(CH 3 ) 2 , CHCCHjXCH^CH,, or (CH^CH,, 

21 where m is an integer from 0 to 3; wherein, R 7 = Rj, ORj, or Nflt^; wherein Rg = H or 

22 (CH^CHa; where n is an integer from 0 to 3; 

23 alternatively, for General Structure I, 

24 R, = H, Rs, OR* OC(0)R 7 , NO* NH* Nfl*,)* CI, Br, I, F, CHO, COjR*, C(0)N(R 4 ) 2 , 

25 C(N~OH)NH 2 , OPOjRj, OP0 2 (CH 2 ),CH 3 , CHjPOjRj, OSOjR* OSO^CHypij, CHjSOjRs, 

26 or CN, where j is an integer from 0 to 3; wherein, R 2 or R+ = H, Rj, OR^, OC(0)R 7 , N0 2 , 

27 NH 2 , Nflg,, Cl, Br, I, F, CHO, 00^, C(0)N(R s ) 2 , CCN-OrONH* OPOjR* 

28 OPOjCCH^Hj, CHjPOjRj, OSOjRj, OSOjCCH^CHj, CH^OjRo or CN, where j is an 
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29 integer from 0 to 3; wherein, R 3 = H, R«, OR«, OC(0)R 7 , NO* NH* N^)* CI, Br, I, F, 

30 CHO, C0 2 R«, CCOJN^ CCN-OHJNH* OPOaR* OPO^CR^JCH^ CH^R* 

3 1 OSOjCCH^CHj, CHiSOaR^, or CN, where j is an integer from 0 to 3; wherein, R5 = H, OR*, 

32 OC(0)R 7 , NO* NH 2 , NfR*)* CI, Br, I, F, CHO, C0 2 R«, (XOJNCR,)* CXN-OHJNH* OPO^, 

33 0?0 2 (CRJjCil 3 , CH^OjR*, OSOaR*, OSO^CT^yCHj, CHjSOjR* or CN, where j is an 

34 integer from 0 to 3; wherein, R 2 orR 4 = NO* CHO, (CRgKSt^CN or (CR 8 =CR 8 ) t N0 2 , 

35 where k is an integer from 1 to 3, or 
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36 wherein, R* = H, C(CH 3 ) 3 , CH(CH 3 )2> CH 2 CH(CH 3 ) 2 , (^(CE^CR^jCii^ or (CH^CH,, 

37 where m is an integer from 0 to 3; wherein, R 7 = R* OR* or N(R € ) 2 ; wherein R 8 = H or 

38 (CHJnCH,; where n is an integer from 0 to 3; 

39 alternatively, for General Structure I, R, or R* = H, OR* OC(0)R 7 , N0 2 , NH 2 , 

40 N(RJj, Q, Br, I, F, CHO, CO^ C(0)N(R«)2. C(N~OH)NH 2 , OP0 3 R* OP0 2 (CH 2 ) > CH 3 , 

41 CHjPO^, OSO^, OSO^CH^CH^ CHjSOjR* or CN, where j is an integer from 0 to 3; 

42 wherein, R 2 = H, OR* OC(0)R 7 , N0 2 , NH 2 , NflR*)* CI, Br, I, F, CHO, C0 2 R* CfOJNOR^, 

43 C(N~OH)NH 2 , OPOjR* OPO^CH^CHj, CH 2 P0 3 R* OSO^, OSO^CH^CH,, CH 2 S0 3 R* 

44 or CN, where j is an integer from 0 to 3; wherein, R 3 = H, OR* OC(0)R 7 , N0 2 , NH 2 , NfRJ* 

45 CI, Br, I, F, CHO, CO.R* C^N^, CCN-OI^NH* OPO^, OPO^CH^CH,, CH 2 P0 3 R* 

46 OS0 3 R* OSO^CH^Ol^ CH 2 S0 3 R* or CN, where j is an integer from 0 to 3; wherein, R4 = 

47 H, OR* OC(0)R 7 , N0 2 , NH* CI, Br, I, F, CHO, C0 2 R* C(0)N(R*1 2 , C(N~OH)NH 2 , 

48 OP0 3 R* OPO^CH^CHj, CH 2 P0 3 R* OS0 3 R* OSO^CH^^CHg, CH^O^, or CN, where j 

49 is an integer from 0 to 3; wherein R, orRj= NO* CHO, (CR^R^CN or (CR 8 =CRa)*N0 2 , 

50 where A: is an integer from 1 to 3; wherein, R 6 = H, C(CH 3 )3, CH(CH 3 ) 2 , CHzCHtCH^ 

51 CH(CH 3 )(CH2) W CH 3> or (OT^CE^, where m is an integer from 0 to 3; wherein, R 7 = R* 

52 OR* or NCR*^; wherein Rg = H or (CH^CHj; where n is an integer from 0 to 3; 




General Structure II 



R 5 Ra 



53 wherein, R, = H, OR* OC(0)R 7 , NO* NH 2 , N^* CI, Br, I, F, CHO, CO^, C(0)N(R^ 

54 C(N~OH)NH 2 , OPOaR* OPO^CH^CH,, CH 2 P0 3 R 6 , OS0 3 R* OSO^CH^CH,, CH 2 S0 3 R* 

55 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR* OC(0)R 7) N0 2 , NH 2 , N(Ro)j, 

56 CI, Br, I, F, CHO, COjR* C^NCRJ* C(N~OH)NH 2 , OP0 3 R* OP0 2 (CH 2 ),CH 3 , OyPOJR* 

57 OSOjR^, OSOjCCH^CHs, CH 2 S0 3 R* or CN, where j is an integer from 0 to 3; wherein, R 3 = 

58 H, OR* OC(0)R 7> N0 2 , NH 2 , N(R^) 2 , CI, Br, I, F, CHO, C0 2 R* C^N^),, C(N~OH)NH 2 , 

59 OPOaR* OPO^CH^CHa, CH^R* OS0 3 R* OSO^CH^CH,, CH 2 S0 3 R* or CN, where j 

60 is an integer from 0 to 3; wherein, R^H, OR* OC(0)R 7 , N0 2 , NH 2 , N(R«) 2 , CI, Br, I, F, 

61 CHO, C0 2 R* CCOMR,),, C(N~OH)NH 2 , OP0 3 R* OPO^CHJjpi,, CHjPOjR* OSOaR* 

62 OSO^CH^CH,, CH 2 S0 3 R* or CN, where ; is an integer from 0 to 3; wherein, R 5 = H or 
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63 (CH^CHa, where k is an integer from 0 to 4; wherein, R* = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , 

64 CH 2 CH(CH 3 )2, CH(CH 3 )(CH 2 ) W CH 3 , or (GH^GH,, where mis an integer from 0 to 3; 

65 wherein, R 7 = R*, OR«, or N(R<s) 2 ; 




General Structure Ilia 



Rl R2 



66 wherein, R, = H, OR 3 , OC(0)R,, N0 2 , NH 2 , Nfll^, CI, Br, I, F, CHO, C0 2 R 3 , C^N^),, 

67 C(N~OH)NH 2 , OPOjR,, OPO^CH^CHj, CH 2 P0 3 R 3 , OSO^, OSO^CH^CH,, CI^SO^, 

68 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , 

69 CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (ay w CH 3 , where m is an integer from 0 to 3; 

70 wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 )2, CHCCH^CH^CH,, or (CH^CH,, 

71 where m is an integer from 0 to 3; wherein, R* = R 3 , OR 3 , or N(R 3 ) 2 ; 




General Structure Illb 



72 wherein, R, = H, OR 3 , 00(0^, NO,, NH^ NO^)* CI, Br, I, F, CHO, CO^, C(0)N(R 3 ) 2 , 

73 C(N~OH)NH 2 , OPO^, OP0 2 (CRJjCR>, CH^^, OS0 3 R 3 , OSO^CH^CH,, CH.SO^, 

74 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 )2, 

75 CH 2 C¥L(CRi) 1> CH(CH 3 XCH2) W CH 3 , or (CH^CH* where mis an integer from 0 to 3; 

76 wherein R 3 = H, (XCH^, CH(CH 3 ) 2 , O^CHCCH,),, CHCCH^CCH^CH,, or (CH^CHj, 

77 where m is an integer from 0 to 3; wherein, R* = R 3 , OR 3 , or N(R 3 ) 2 ; 



WO 00/24753 



PCT/US98/22786 



70 




General Structure IVa 



78 wherein, R, = H, ORg, OC(0)R 9> N0 2 , NH 2 , NfR^, CI, Br, I, F, CHO, C0 2 Rg, C(0)N(Rg) 2 , 

79 C(N~OH)NH 2 , OP0 3 Rg, OPO^CH^CH,, CH 2 P0 3 Rg, OS0 3 Rg, OSO^CH^CH,, CH 2 S0 3 Rg, 

80 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR* OC(0)R„ N0 2 , NH 2 , N(R«) 2 , 

81 CI, Br, I, F, CHO, CO^, C(0)N(R 6 ) 2 , C(N~OH)NH2, OP0 3 Rg, OP0 2 (CH 2 ) > CH 3 , CH.PO.Rg, 

82 OS0 3 Rfi, OSO^CH^yCHa, CH 2 S0 3 Rg, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

83 H, OR*, OC(0)R» NO,, NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, C0 2 Rg, C^NCR^, CCN-OH)^ 

84 OP0 3 Rg, OP0 2 (CH 2 ) y CH 3 , CH 2 P0 3 Rg, OS0 3 Rg, OSO^CH^CHa, CH 2 S0 3 R 8 , or CN, where j 

85 is an integer from 0 to 3; wherein, R< = H, ORg, OC(0)R«, N0 2 , NH 2 , N(Rg>2, CI, Br, I, F, 

86 CHO, C0 2 R*, C^NCRg)* C(N~OH)NH 2 , OP0 3 Rg, 0?O t {CR^fR Z9 CH 2 P0 3 R 8 , OSO^, 

87 OS0 2 (CH2)/:H 3 , CH 2 S0 3 R 8 , or CN, where j is an integer from 0 to 3; wherein, R 5 = H, ORg, 

88 OC^R* N0 2 , NH 2 , N(R«) 2 , CI, Br, I, F, CHO, C0 2 Rg, C(0)N(R8) 2 , C(N~OH)NH 2> OPO^Rg, 

89 OPO^OypS* CHjPOjRg, OSOjRg, OSO^CH^CH,, CHjSOjRg, or CN, where j is an 

90 integer from 0 to 3; wherein, R* = H, ORg, OC^R* NO* NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, 

91 C0 2 R 8 , C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, OP0 2 (CH 2 )jCH 3 , CH^OjRg, OSO^, 

92 OSO^CH^CH^ CHjSOaRg, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, ORg, 

93 OCCOR^ N0 2 , NH 2 , N(Rg) 2 , CI, Br, I, F, CHO, COA, CCOJNCRg)* C(N~OH)NH 2 , OPOjRg, 

94 OP0 2 (CH 2 ) 7 CH 3 , CHjPO^, OS0 3 Rg, OSO^CH^CH,, CH 2 S0 3 R 8 , or CN, where j is an 

95 integer from 0 to 3; wherein R 8 = H, C(CH 3 ) 3 , CH(CH 3 )2, CH 2 CH(CH 3 ) 2 , 

96 CH(CH 3 )(CH2) m CH 3 , or (CH^CH^ where mis an integer from 0 to 3; wherein, R 9 = R 6 , 

97 ORg,orN(Rg) 2 ;and 




General Structure IVb 
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98 wherein, R, = H, OR«, 00(0)^ NO* NH 2 , NCRg)* CI, Br, I, F, CHO, CO^, C(0)N(RJ» 

99 C(N~OH)NH* OPOjR* OP0 2 (CH 2 ),CH 3 , CH^^, OSC^Rg, OSO^CH^CH,, CHjSOA, 

100 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, ORa, OC(0)R*, NO* NH 2 , N(Re)* 

101 CI, Br, I, F, CHO, C0 2 Re, C(0)N(Re)* C(N~OH)NH* OP0 3 Re, OPO^Oy/SI* CHjPO^, 

102 OSOaRg, OSO^CH^yCHa, CHjSOjR* or CN, where j is an integer from 0 to 3; wherein, R 3 = 

103 H, OR,, OC(0)R 9 , NO,, NH 2 , N(Re) 2 , CI, Br, I, F, CHO, C0 2 R 8 , C^N^* C(N~OH)NH* 

104 OPO^, OP0 2 (CH 2 ) / CH 3> CHjPOjRe, OSOjRg, OSO^CT^CH* CH 2 S0 3 Re, or CN, where ; 

105 is an integer from 0 to 3; wherein, R* = H, OR* OC^R* NO* NH 2 , N(Rg)* CI, Br, I, F, 

106 CHO, COA, CXOJNCR^ C(N~OH)NH* OPO^, OPO^CH^CH,, CH^OjR*, OS0 3 R«, 

107 OS0 2 (CH2)/3I 3 , CH^OjRg, or CN, where j is an integer from 0 to 3; wherein, R 3 = H, ORg, 

108 OC(0)R9, NO* NH* N(Rs)* CI, Br, I, F, CHO, C0 2 Re, C(0)N(R*)* C(N~OH)NH* OPOjR*, 

109 OPO^CH^CH^ CH 2 P0 3 R„, OSO^, OSO^ayp^, CH.SO.Re, or CN, where j is an 

110 integer from 0 to 3; wherein, R« = H, ORa, OC(0)R* NO* NH 2 , N(R*)* CI, Br, I, F, CHO, 

1 1 1 CO^, C(0)N(R«)* C(N~OH)NH* OPO^, OPO^CT^CH* CH.PO^, OSO.R,, 

1 12 OSO^CH^CH,, CH^SO^, or CN, where j is an integer from 0 to 3; wherein, R 7 - H, OR,,, 

1 13 00(0)1** NO* NH* N(Rg)* CI, Br, I, F, CHO, CO^, C(0)N(R 8 )* C(N~OH)NH* OPO^, 

1 14 OP0 2 (CH2)yCH 3 , CH^O^, OS0 3 Re, OSO^CHO^CH* CH 2 S0 3 R«, or CN, where j is an 

1 1 5 integer from 0 to 3; wherein, R* = H, C(CH 3 >3, CH(CH 3 )* CH 2 CH(CH 3 ) 2s 

1 1 6 CHfCHOCCH^CH* or (CH^CH* where m is an integer from 0 to 3; wherein, R 9 = R 8 , 

117 OR^orNO**)* 

1 17. A method of detecting or monitoring a sialidase-related disease in a human or 

2 animal, wherein said method comprises measuring sialidase activity by contacting a fluid 

3 sample from said human or animal with a chromogenic sialidase substrate compound having 

4 a formula selected from the group consisting of General Structure I; General Structure II, 

5 General Structure Ilia; General Structure Hlb; General Structure IVa; General Structure IVb; 

6 and analogs, salts, and derivatives of the General Structures, wherein the General Structures 

7 are defined as follows: 




General Structure I 
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8 wherein, R, = H, R«, OR* OC(0)R 7 , NO* NH„ Nfly* NHQOJRs, NHCXOPR* CI, Br, I, 

9 F, CHO, CO^, C^N^, C(N~OH)NH 2 , OPOjR* OPO^CH^CHj, CH^O,^, OSOjR* 

1 0 OSO^CHjjjCHj, CH 2 SO^«, or CN, where j is an integer from 0 to 3; wherein R 2 = H, Rj, 

1 1 OR* OC(0)R 7( NO* NH* N(RJ„ NHC^Rs, NHC(0)ORs, CI, Br, I, F, CHO, COjR* 

12 C(0)N(R5)2, C(N~OH)NH 2 , OPO^ OP0 2 (ra 2 )£H 3 ,CH 2 PO J R s , OSOjR* OSO^CH^CHj, 

1 3 CHjSOjR* or CN, where j is an integer from 0 to 3 ; wherein R 4 =H,R S , OR*, OC(0)R„ N0 2 , 

14 NH^^khMQOJR^NHCCOpR^ 

15 C(N~OH)NH 2 , OPO3R* OP0 2 (CH 2 ) y CH 3 , CHjPOjRj, OSOjR* OSO^CH^Hj, CHzSOjR* 

16 or CN, where j is an integer from 0 to 3; wherein R 5 = H, R* ORg, OC(0)R 7 , N0 2 , NH 2 , 

1 7 NfRs),, NHC(0)R,i, NHC(0)ORs, CI, Br, I, F, CHO, COjRj, C^NCRs)* CO^-OH)!^ 

1 8 OPOjRs, OPO^CH^Hj, CHiPOjRs, OSOjR* OSO^CH^CHa, CHjSOjR* or CN, where j is 

1 9 an integer from 0 to 3; wherein, R 3 - N0 2 , CHO, (CRg=CR,) t CN or (CRffCRgXNOj, where 

20 k is an integer from 1 to 3, or 
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21 wherein, R« - H, C(CH 3 }„ CH(CH 3 ) 2> CH 2 CH(CH 3 ) 2 , CHCCHjKCH^CH,, or (CH^CHj, 

22 where mis an integer from 0 to 3; wherein, R 7 = R«, OR* or N(R«) 2 ; wherein R, = H or 

23 (CHjXCHj; where n is an integer from 0 to 3; 

24 alternatively, for General Structure I, 

25 R, = H, R* OR,, OC(0)R 7) N0 2 , NH 2 , N(R^; CI, Br, I, F, CHO, CO^, C(0)N(Rs) 2 , 

26 CCN-OH)^ OPOjRg, OPO^CHJyCH,, CHjPOjRs, OSOjR*, OSO^CH^CHj, CHjSOjRj, 

27 or CN, where j is an integer from 0 to 3; wherein, R 2 or R, = H, Rj, ORj, OC(0)R 7 , N0 2 , 

28 NH 2 , NfRs)^ Q, Br, I, F, CHO, CO^, C^NCR,),, CCN-OHONH,, OPOjR,, 

29 OP0 2 (CHj)/31 3) CHjPOjRj, OSOjRj, OSO^CH^yCH,, CH^OjR,, or CN, where j is an 
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30 integer from 0 to 3; wherein, R 3 = H, OR* OC(0)R 7 , N0 2 , NH 2 , N(R,s) 2 , CI, Br, I, F, 

3 1 CHO, C0 2 R«, CCOJNflg* C(N~OH)NH 2 , OPO^R* 0?O 2 (CKJjCa z , CH^jR,, OSOjR* 

32 OS0 2 (CH 2 ) 7 CH 3> CHjSOjR^, or CN, where j is an integer from 0 to 3; wherein, R $ = H, OR*, 

33 OC(0)R 7 , NO z , NH 2 , N^, CI, Br, I, F, CHO, C0 2 R«, C^N^),, C(N~OH)NH 2 , OPOjR* 

34 OPO^CH^CHa, CH 2 P0 3 R«, OSO3R* OSO^CH^CHj, CHjSOjR* or CN, where j is an 

35 integer from 0 to 3; wherein, R 2 or R< = N0 2 , CHO, (CR 8 =CR 8 ) A CN or (CR 8 =CR 8 ) fr N0 2 , 

36 where k is an integer from 1 to 3, or 




R 5 R4 
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37 wherein, R* - H, C(CH 3 ) 3 , CHCCH,)* CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) ra CH3, or (CH^CHj, 

38 where m is an integer from 0 to 3; wherein, R 7 = R* OR* or N(R«) 2 ; wherein R 8 = H or 

39 (CH^CHj; where n is an integer from 0 to 3; 

40 alternatively, for General Structure I, R, or R, = H, OR* OC(0)R 7 , N0 2 , NH* 

41 N(R,)a, CI, Br, I, F, CHO, CO.R* C(0)N<R«)» C(N~OH)NH 2 , OP0 3 R* OP0 2 (CH^CH 3 , 

42 CH 2 P0 3 R* OSC^, OSO^CH^CH^ CH 2 SOjR* or CN, where j is an integer from 0 to 3; 

43 wherein, R 2 = H, OR 6 , OC(0)R 7 , N0 2 , NH 2 , N^, CI, Br, I, F, CHO, C0 2 R* C^Nfo)* 

44 C(N~OH)NH 2 , OPO3R* OPO^CH^CH,, CH 2 P0 3 R* OSO3R* OSO^CH^jCH,, CH^OjR* 

45 or CN, where j 'is an integer from 0 to 3; wherein, R 3 = H, OR* OC(0)R 7 , N0 2 , NH 2 , N(RJ* 

46 CI, Br, I, F, CHO, C0 2 R* C(0)N(R <i ) 2 , C(N~OH)NH 2 , OPO3R* OPO^CH,)/^, CH^O^, 

47 OSOjR* OS0 2 (CH2)jCH 3 , CH 2 S0 3 R* or CN, where j is an integer from 0 to 3; wherein, R* = 

48 H, OR* OC(0)R 7 , NO* NH* N(R*V CI, Br, I, F, CHO, C0 2 R* CCOJNfl^)* CCN-O^NH* 

49 OPO^, OP0 2 (CH2) y CH 3 , CH^jR* OSOjR* OSO^CH^yCHj, CH^O^, or CN, where j 

50 is an integer from 0 to 3; wherein R, orR 5 = N0 2 , CHO, (CR«=CR 8 ) A CN or (CR fl =CR 8 ) i N0 2 , 

5 1 where A: is an integer from 1 to 3; wherein, R 6 = H, C(CH 3 >3, CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , 

52 CH(CH 3 )(CH 2 ) W CH 3 , or (CHJ m CR 39 where mis an integer from 0 to 3; wherein, R 7 = R* 

53 OR* or NCR^jj wherein Rg = H or (CH^CH^ where n is an integer from 0 to 3; 




General Structure II 



Rs R4 



54 wherein, R, = H, OR* OC(0)R 7 , NO* NH 2 , N^)* CI, Br, I, F, CHO, C0 2 R* C^N^, 

55 C(N~OH)NH2, OPO^, OPO^CH^CHa, CHjPO^, OS0 3 R* OSO^CH^CH,, CH 2 S0 3 R* 

56 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR* OC(0)R 7 , N0 2 , NH 2 , N^)* 

57 Q, Br, I, F, CHO, CO.R* C^NCR*)* C(N~OH)NH 2 , OP0 3 R* OPO^CH^CH,, CH 2 P0 3 R* 

58 OS0 3 R* OSOjCCH^CH^ CH 2 S0 3 R < 5, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

59 H, OR* OC(0)R 7 , N0 2 , NH 2 , N(R^) 2 , CI, Br, I, F, CHO, CO.R* C(0)N(R 6 ) 2 , C(N~OH)NH 2 , 

60 OPO^, OPOjfCH^CHa, CHjPO^, OS0 3 R* OSO^CHJ^CHa, CH 2 S0 3 R* or CN, where j 

61 is an integer from 0 to 3; wherein, R4 = H, OR* OC(0)R 7 , N0 2 , NH 2 , N(R«) 2 , CI, Br, I, F, 

62 CHO, C0 2 R* C^NOy* C(N~OH)NH 2 , OP0 3 R* OPO^CH^CH,, CH^O^, OSO^, 

63 OSO^CH^CH,, CH 2 S0 3 R <s , or CN, where j is an integer from 0 to 3; wherein, R, = H or 
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64 (GHJaGH,, where * is an integer from 0 to 4; wherein, R^ = H, C(CH 3 ) 3 , CH(CH 3 ) 2> 

65 CajCUiCU^ CH(CH 3 )(CH 2 ) /n CH 3 , or (CH^CH,, where m is an integer from 0 to 3; 

66 wherein, R 7 = R*, OR*, or NCR^; 




General Structure Ilia 



R, R 2 



67 wherein, R, - H, OR 3 , OC(0)R 4 , N0 2 , NH 2 , N^),, CI, Br, I, F, CHO, C0 2 R 3 , qOJN^ 

68 C(N~OH)NH 2 , OPOjR,, OP0 2 (CH^CH 3 , CH 2 P0 3 R 3 , OS0 3 R 3 , OS0 2 (CR 2 )jCH 3i CH^O^, 

69 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , 

70 CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (CH^CHa, where wis an integer from 0 to 3; 

71 wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 )2, C^CHtCH,),, CH(CH 3 )(CH 2 ) m CH 3 , or (CH^CH,, 

72 where m is an integer from 0 to 3; wherein, ^ = R 3 , OR 3 , or N{R 3 ) 2 ; 




General Structure Elb 



73 wherein, R, = H, OR 3 , OC(0)R 4 , N0 2 , NH 2 , N(R 3 ) 2 , CI, Br, I, F, CHO, COjR,, C^NfRj),, 

74 CCN-OH)^ OPOjR,, OPO^CH^CH,, CHjPOjR,, OS0 3 R 3 , OSO^CH^CH,, CH 2 S0 3 R 3 , 

75 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CHfCH^, 

76 CHjCHCCH^, CTCCH.XCHjLCH,, or (CH^CH^ where m is an integer from 0 to 3; 

77 wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH^CH,),, CH(CH 3 )(CH 2 )„CH 3 , or (CH^CH,, 

78 where m is an integer from 0 to 3; wherein, R< = R 3 , OR 3 , or N(R 3 ) 2 ; 
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General Structure IVa 



79 wherein, R, « H, OR* OCCOJR,, N0 2> NH* N(Rg) 2 , CI, Br, I, F, CHO, C0 2 R 8 , C(0)N(Rg) 2> 

80 C(N~OH)NH2, OPOjRs, OPO^CH^CH,, CH 2 P0 3 R«, OSO^, OSO^CH^CHj, CH^OjRg, 

8 1 or CN, where j is an integer from 0 to 3 ; wherein, R 2 = H, ORg, 00(0)^ NO^ NH 2 , N(Rg) 2 , 

82 CI, Br, I, F, CHO, C0 2 Rg, C^NCRg),, C(N~OH)NH 2 , OPO^, OPO^OT^CH,, CH^^, 

83 OSOjRg, OSO^CH^yCHj, CH 2 S0 3 Rg, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

84 H, ORe, OC^R* NO,, NH^ N(Rg)2, CI, Br, I, F, CHO, CO^, QOJNCRg),, CONF-OI^NH,, 

85 OPOjRfi, OPO^CHJ^CH^ CH^^, OS0 3 R«, OSO^CT^CH* CH^OjRg, or CN, where j 

86 is an integer from 0 to 3; wherein, R4 = H, ORg, OC^R* N0 2 , NH 2 , N(R 8 ) 2 , CI, Br, I, F, 

87 CHO, CO^, C^NCR^ C(N~OH)NH 2 , OPOjR* OP0 2 (CH 2 ) y CH 3 , CH.PO.R* OSO^, 

88 OSO^CH^CHa, CH 2 S03R«, or CN, where; is an integer from 0 to 3; wherein, R 5 = H, ORg, 

89 OC^R* NO,, NHj, N(R*) 2 , CI, Br, I, F, CHO, CO^, C(0)N(Rg) 2 , C(N~OH)NH 2 , OPO.Rg, 

90 OPO^CH^CH,, CH 2 P0 3 R8, OSOjRg, OSO^CH^/Hj, CH 2 S0 3 Rg, or CN, where j is an 

91 integer from 0 to 3; wherein, R« = H, OR* OC^R* NO,, NH* N(Rg) 2 , CI, Br, I, F, CHO, 

92 COjRs, C^N^)* C(N~OH)NH 2 , OP0 3 Rg, OPO^CH^CHj, CH^OjRg, OS0 3 R 8 , 

93 OS0 2 (CH2),CH 3 , CH 2 S0 3 Re, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, OR«, 

94 OC^R* NO,, NH„ NCRg)^ CI, Br, I, F, CHO, CO^, C(0)N(Rg) 2 , C(N~OH)NH 2 , OP0 3 Rg, 

95 OPO^CH^CH^ CH 2 P0 3 Rg, OS0 3 Re, OS0 2 (CajjCR 3y CH^O^, or CN, where j is an 

96 integer from 0 to 3; wherein Rg = H, C(CH 3 )3, CH(CH 3 )2, CH^HCCHa)* 

97 CH(CH 3 )(CH 2 ) m CH 3 , or (CH^CHj, where mis an integer from 0 to 3; wherein, R 9 = R 8 , 

98 ORg,orN(R 8 ) 2 ;and 




General Structure IVb 
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99 wherein, R, = H, OR,, OC(0)R„ NO„ NH* N(R^, CI, Br, I, F, CHO, CO.R,, 0(0^^, 

100 C(N-OH)NH 2 , OPOjRg, OP0 2 (CHjpi } , CHjPOjR,. QS0 3 R,, OS0 2 (CKJjCR 3 , CH^C^R,, 

101 or CN, where/ is an integer from 0 to 3; wherein, R 2 = H, OR,, OC(0)R* N0 2 , NH 2 , NO*,)* 

102 CI, Br, I, F, CHO, COjR* C(0)N(R^, C(N~OH)NH 2 , OP0 3 R,, OPO^CH,)/^, CHjPOjR,, 

103 OSOjR,, OSOjCCH^CH,, CHjSOjR,, or CN, where j is an integer from 0 to 3; wherein, R 3 = 

104 H, OR,, OC(0)R„ N0 2 , NH 2 , N(R^ 2 , CI, Br, I, F, CHO, COjR* C(0)N(R,) 2 , CCN-O^NHj, 

105 OPOjR,, OPO^CH^Hj, CH 2 P0 3 R„ OSO,R 8 , OSO^CH^CHj, CHjSOjR,, or CN, where j 

106 is an integer from 0 to 3; wherein, R, = H, OR,, OC(0)R* NO* NH 2( N(R^ 2 , CI, Br, I, F, 

107 CHO, COjR,, C(0)N(RJj, C(N~OH)NH 2 , OPOjR,, OPO^CH^H,, CHzPOjR,, OSOjR,, 

108 OS0 2 (CH 2 )/3l3, CH 2 SOjR„ or CN, where/ is an integer from 0 to 3; wherein, Rj = H, OR,, 

109 OC(0)R* N0 2 , NH 2 , N(R,) 2 , CI, Br, I, F, CHO, C0 2 R„ C^N^ C(N~OH)NH 2 , OPO,R„ 

1 10 OPOjCCH^CHj, CHjPOjR,, OS0 3 R„ OSO^CHj)/^, CH 2 S0 3 R,, or CN, where / is an 

1 1 1 integer from 0 to 3; wherein, R, = H, OR,, OC(0)R„ NO,, NHj, N(R,)2, CI, Br, I, F, CHO, 

1 12 COjR,, C^NCR,),, C(N-OH)NH 2 , OP0 3 R,, OPO^CH^CH,, CH^R,, OSOjR,, 

1 13 OSO^CH^yCH,, CH^OjRg, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, OR,, 

1 14 OC<0)R» N0 2 , NH 2 , N(R^ 2 , CI, Br, I, F, CHO, C0 2 R,, C(0)N(RJ» C(N~OH)NH 2 , OPO,R„ 

1 15 OPO^CH^jCHj, CH 2 PO^„ OS0 3 R„ OSO^CH^^CH,, CH 2 SOjR„ or CN, where / is an 

1 16 integer from 0 to 3; wherein, R, = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CHjC^CH^, 

1 17 CHfCHjXCH^CHj, or (CH^CHj, where m is an integer from 0 to 3; wherein, R 9 = R b 

118 OR,,orN(R,) 2 . 

1 18. The method, according to claim 17, wherein said compound has the following 

2 formula: 




General Structure I 



3 wherein, R, = H, R,, OR* OC(0)R 7 , N0 2) NH* NfR^, NHC^R,, NHC(0)OR„ CI, Br, I, 

4 F, CHO, COjR,, C(0)N(R,) 2 , C(N~OH)NH 2 , OPO^, OPO^CR^JCK,, CH^PO,^, OSOjR* 

5 OS0 2 (CH 2 ) / CH 3 , CHjSOjRs, or CN, where/ is an integer from 0 to 3; wherein R 2 = H, R* 

6 OR,, OC(0)R„ N0 2 , NH* N^),, NBC^R* NHC^OR,, CI, Br, I, F, CHO, COjR* 
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7 C(0)N(R<) 2 , C(N~OH)NH 2 , OPO3R* OPO^CH^jCHj, CHjPO^, OSOjR«, OS0 2 (CH 2 ),CH 3 , 

8 CajSOJH* or CN, where j is an integer from 0 to 3; wherein R,=H, R*, OR*, OC(0)R 7 , N0 2 , 

9 NH 2 , NCR^ NHC(0)R«, NHC(0)OR«, CI, Br, I, F, CHO, COjR* C(0)N(R^) 2 , 

10 CCN-OI^NH* OPOaR^, OPO^CH^CHj, CH 2 P0 3 R«, OSOjR*, OSO^CH^CHj, CT^SOjR*, 

11 or CN, where j is an integer from 0 to 3; wherein R 5 = H,R 6 , OR«, OC(0)R 7 , N0 2> NH 2 , 

12 N(RJj, NHC(0)R 6 , NHCCOPR* a, Br, I, F, CHO, CO^, C^NfR^ C(N~OH)NH 25 

13 OP0 3 R < , OPOzCCH^CHj, CHjPOjR^, OS0 3 R«, OSO^CH^CH^ CHjSO^, or CN, where ; is 

14 an integer from 0 to 3; wherein, R 3 = N0 2 , CHO, (CRsKS^CN or (CRaOR^NO* where 

15 k is an integer from 1 to 3, or 
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16 wherein, R, = H, CCCH,),, CH(CH 3 ) 2 , CH 2 CH(CH 3 )2, CH(CRJ(CHJ m CRi, or (CH^CHj, 

17 where m is an integer from 0 to 3; wherein, R 7 = R«, OR«, or N(R<j) 2 ; wherein R« = H or 

1 8 (CH2) n CH 3 ; where n is an integer from 0 to 3 ; 

19 alternatively, for General Structure I, 

20 R, = H, OR,, OC(0)R 7 , NO* NH* N(R«) 2 , CI, Br, I, F, CHO, CO^, C(0)N(iy 2 , 

21 C(N~OH)NH 2 , OPO^, 0P0 2 (CH 2 ),CH 3 , CH^O^, OSO^, OSO^CT^CH,, CH^OjR* 

22 or CN, where j is an integer from 0 to 3; wherein, R 2 or R, = H, R«, OR,, OC(0)R 7 , NO* 

23 NH 2 , N^, CI, Br, I, F, CHO, CO^, C^NCR,)* C(N~OH)NH2, OP0 3 R«, 

24 OP0 2 (CH 2 ) / CH3, CH 2 P0 3 R«, OS0 3 R«, OSO^CH^CH* CHzSO^, or CN, where j is an 
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25 integer from 0 to 3; wherein, R 3 = H, R«, OR* OC(0)R 7 , N0 2 , NH 2 , N(R^, CI, Br, I, F, 

26 CHO, C0 2 R«, C^N^ CCN-OH)^ OPOjR* 0?0 2 (CU^jCH 2i O^PO^, OSO^, 

27 OSO^CH^CHa, CH 2 S0 3 R 6 , or CN, where j is an integer from 0 to 3; wherein, R 5 -H, OR«, 

28 OC(0)R 7 , N0 2 , NH 2 , N^, CI, Br, I, F, CHO, C0 2 R«, C^NO^ C(N~OH)NH 2 , OPO3R* 

29 OPO^CHJjpH^ CHzPOjR* OSO^, OSO^CHJ^, CHjSOjR*, or CN, where j is an 

30 integer from 0 to 3 ; wherein, R 2 or R< = N0 2 , CHO, (CR 8 =Otg)*CN or (CRg^CRg)* N0 2 , 

3 1 where & is an integer from 1 to 3, or 
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32 wherein, R* = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH^CH,)* CH(CH 3 )(CH 2 ) W CH 3 , or (CH^CH,, 

33 where m is an integer from 0 to 3 ; wherein, R 7 = R* OR*, or NfR*)^ wherein R 8 = H or 

34 (CH^CH^ where n is an integer from 0 to 3; 

35 alternatively, for General Structure I, R, or R, = H, OR*, OC(0)R 7> NO* NH 2 , 

36 N(R*) 2 , CI, Br, I, F, CHO, COjR* C^NOR*),, CXN-OHJNH* OP0 3 R* OPO^CH^CH,, 

37 CH 2 P0 3 R* OS0 3 R* OSO^CHjp^, CH 2 S0 3 R* or CN, where j is an integer from 0 to 3; 

38 wherein, R 2 = H, OR*, OC(0)R 7 , N0 2> NH* NOR*),, CI, Br, I, F, CHO, C0 2 R* C^N^ 

39 CCN-OH^NH* OPOjR* OPO^CH^CH,, CH^OjR* OS0 3 R* OSO^CH^CH* CH^O^ 

40 or CN, where j is an integer from 0 to 3; wherein, R 3 = H, OR* OC(0)R 7 , NO* NH 2 , NCR*)* 

41 CI, Br, I, F, CHO, CO.R* C(0)N(R*)* C(N~OH)NH* OPO^, OPO^CH^CH,, CH^^ 

42 OSOjR* OSO^CH^CHj, CH 2 S0 3 R* or CN, where j is an integer from 0 to 3; wherein, R« = 

43 H, OR* OC(0)R ? , N0 2 , NH 2 , N(R*)* CI, Br, I, F, CHO, CO.R* C(0)N(R*)* C(N~OH)NH* 

44 OPOjR* OP0 2 (CH 2 ) / CH 3 , CH 2 P0 3 R* OS0 3 R* OSO^CH^CH,, CHjSO^, or CN, where j 

45 is an integer from 0 to 3; wherein R, or R5 = NO* CHO, (CR^R^CN or (CRjrCRgXNO* 

46 where k is an integer from 1 to 3 ; wherein, R* = H, C(CH 3 ) 3 , CH(CH 3 )* CH 2 CH(CH 3 )* 

47 CH(CH 3 )(CH2) W CH 3 , or (CH^CH* where m is an integer from 0 to 3; wherein, R 7 = R* 

48 OR* or N(R*)* wherein R* = H or (CH 2 )„CH 3 ; where n is an integer from 0 to 3. 

1 19. The method, according to claim 17, wherein said compound has the following 

2 formula: 




General Structure II 



R5 R4 



3 wherein, R l = H, OR* OC(0)R 7 , N0 2 , NH 2 , N(R*)* CI, Br, I, F, CHO, C0 2 R* C(0)N(R*)* 

4 C(N~OH)NH* OPOaR* OPO^Oy/^, CH^O^, OSO^, OSO^CH^CH,, CH^O^ 

5 or CN, where j is an integer from 0 to 3; wherein, R 2 - H, OR*, OC(0)R 7 , N0 2> NH 2 , N(R*)* 

6 CI, Br, I, F, CHO, CO.R* C(0)N(R*) 2 , C(N~OH)NH* OPO.R* OPO^CH^CH,, CH 2 P0 3 R* 

7 OSOjR* OSO^CH^CHj, CHiSOjR* or CN, where j is an integer from 0 to 3; wherein, R 3 = 

8 H, OR* OC(0)R 7 , N0 2 , NH 2 , N(R*) 2 , CI, Br, I, F, CHO, C0 2 R* C(0)N(R*)* C(N~OH)NH* 

9 OP0 3 R* OPO^CH^CH,, CH 2 P0 3 R* OSOjR* OS0 2 (CR^jCR 2y CH^O^ or CN, where j 
10 is an integer from 0 to 3; wherein, R« = H, OR*, OC(0)R 7 , N0 2 , NH 2 , N(R*) 2 , CI, Br, I, F, 
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1 1 CHO, COJR* C(0)N(R^, C(N~OH)NH 2 , OPO3R* OPO^CH^CHj, CH 2 P0 3 R«, OSOjR* 

12 OS0 2 (CH 2 ) y CH 3 , CHjSOjR^ or CN, where ; is an integer from 0 to 3; wherein, R 5 = Hor 

13 (CH^CHj, where k is an integer from 0 to 4; wherein, R* = H, C(CH 3 ) 3 , CHCCH^, 

14 CH 2 CH(CH 3 )2, CR(CHy)(CU^ m Oi 39 or (CH^CH^ where m is an integer from 0 to 3; 

1 5 wherein, R 7 = 1^, OR«, or N(R«) 2 . 

1 20. The method, according to claim 1 7, wherein said compound has the following 

2 formula: 




General Structure Ilia 



3 wherein, R, = H, OR 3 , OC^R,, NO,, NH 2 , N(R 3 )2, CI, Br, I, F, CHO, CO^, C(0)N(R 3 )2, 

4 C(N~OH)NH 2 , OP0 3 Ra, 0?0 2 (CRJ£a 3 , CH^Rj, OS0 3 R 3 , OSO^CH^CH,, CH 2 S0 3 R 3> 

5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , 

6 O^CHCCH^, CHfCH^OI^CH^ or (CH^CH^ where wis an integer from 0 to 3; 

7 wherein R 3 = H, C(CH 3 )3, CHfCH,),, CH 2 CH(CH 3 ) 2 , CHCCH^CH^CH,, or (CH^CH,, 

8 where m is an integer from 0 to 3; wherein, R» = R 3 , OR 3 , or N(R 3 ) 2 . 

1 21. The method, according to claim 1 7, wherein said compound has the following 

2 formula: 




General Structure III 



3 wherein, R, = H, OR 3 , OC(0)R,, N0 2 , NH 2 , N(R 3 ) 2 , CI, Br, I, F, CHO, CO^, C^N^)* 

4 C(N~OH)NH 2 , OP0 3 R 3 , OP0 2 (CH 2 ) / CH 3 , CHjPO^, OSO^, OSO^CH^CH,, CH.SO.R,, 

5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 )3, CH(CH 3 ) 2 , 

6 C^CHCCH,),, CHCCH^CCH^CH^ or (CH^CH^ where m is an integer from 0 to 3; 
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7 wherein R 3 = H, C(CH 3 ) 3 , CH(CH 3 )* CH 2 CH(CH 3 )* CH(CH 3 )(CH 2 ) m CH 3 , or (CH^CH,, 

8 where m is an integer from 0 to 3; wherein, R4 = R 3 , OR 3 , or N(R 3 ) 2 . 

1 22. The method, according to claim 17, wherein said compound has the following 

2 formula: 




General Structure IVa 



3 wherein, R, = H, OR*, OC(0)R* NO* NH 2 , N(R 8 ) 2 , CI, Br, I, F, CHO, CO^, C(0)N(R«) 2 , 

4 COSf-O^NH* OPOA, OPOXCH^CH,, CH.POA, OS0 3 R«, OSO^CH^CH,, CH^OA, 

5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, OR 8 , 00(0)^ N0 2 , NH 2 , NCR*)* 

6 CI, Br, I, F, CHO, COA, C^Nfly* C(N~OH)NH* OPO.R*, OPO^OI^CH^ CH^O^, 

7 OSOjRg, OSO^CHJj^H* CHjSO^ or CN, where j is an integer from 0 to 3; wherein, R 3 = 

8 H, OR,, OC^R* NO* NH 2 , N(R«) 2 , CI, Br, I, F, CHO, CO^, C^N^)* C(N~OH)NH* 

9 OPOaRg, OTO^CH^yCH* CHjPOaRg, OSOjRg, OSO^CH^CH* CHjSOjRg, or CN, where j 

10 is an integer from 0 to 3; wherein, R^H, OR 8 , OCCOR* N0 2 , NH 2 , N(Ra)* CI, Br, I, F, 

1 1 CHO, CO^, CCOJNfl^),, C(N~OH)NH* OPO^, OP0 2 (CH 2 ) y CH 3 , CH^R,, OSO^, 

1 2 OSO^CHJ^CH* CH 2 S0 3 R«, or CN, where j is an integer from 0 to 3; wherein, R 5 = H, ORg, 

13 OC(0)R 9 , NO* NH 2 , N(Rg)* CI, Br, I, F, CHO, COA, C(0)N(Re)* C(N~OH)NH* OPO^, 

1 4 OPO^CH^CHj, CHjPOjRs, OSO^, OSO^CH^CH,, CH^O^, or CN, where j is an 

15 integer from 0 to 3; wherein, R« = H, OR^, OC(0)R<>, NO* NH* N(Rg)* CI, Br, I, F, CHO, 

16 CO^, C(0)N(R 8 ) 2 , C(N~OH)NH* OPO^, OPO^CH^CH* CH.PO^, OSO^, 

17 OS0 2 (CH2),CH 3 , CHzSOjRg, or CN, where j is an integer from 0 to 3; wherein, R 7 « H, ORa, 

18 00(0)^ N0 2 , NH 2 , N(R«)* CI, Br, I, F, CHO, CO^, C(0)N(R 8 )* C(N~OH)NH* OP0 3 R 8 , 

19 OPO^CH^CH* CH^OjRg, OSOjRj, OSO^CT^CH*, CH 2 S0 3 R8, or CN, where j is an 

20 integer from 0 to 3; wherein Rg = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 )* 

21 CH(CH 3 XCH 2 ) m CH 3 , or (CH^CHj, where m is an integer from 0 to 3; wherein, R 9 = R 8 , 

22 OR^orNfl**)* 
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1 23. The method, according to claim 17, wherein said compound has the following 

2 formula: 




General Structure IVb 



3 wherein, R, = H, OR 8 , OCCOJR* N0 2 , NH 2 , NfR^ CI, Br, I, F, CHO, C0 2 R«, C^N^)* 

4 C(N~OH)NH 2 , OPO^, OPO^CH^CH,, CH^R,, OSO^, OSO^CH^CHj, CH^O^, 

5 or CN, where j is an integer from 0 to 3; wherein, R 2 = H, ORg, OC(0)R*, NO* NH* N(R 8 )* 

6 CI, Br, I, F, CHO, C0 2 R« s C^NfRJ,, C(N~OH)NH 2 , OPOA, OP0 2 (CH 2 ) J CH 3 , CflyPO^, 

7 OS0 3 R«, OSO^CHJ/Mj, CH 2 S0 3 R 8 , or CN, where j is an integer from 0 to 3; wherein, R 3 = 

8 H, OR*, OC(0)R9, N0 2 , NH* N^, CI, Br, I, F, CHO, C0 2 R 8 , CCOJNflt,)* CCN-O^NH* 

9 OP0 3 Rg, OPO^CHJi/CH,, CH 2 P0 3 R 8 , OS0 3 Re, OSO^CH^H,, CH^O^, or CN, where j 

10 is an integer from 0 to 3; wherein, R^H, OR«, OC(0)R 9 , N0 2 , NH* N(R 8 ) 2 , CI, Br, I, F, 

1 1 CHO, CO^, C(0)N(R 8 ) 2 , (XN-OI^NH* OPO.R,, OPO^CH^CH,, CH^R,, OSO^, 

12 OSO^CHJyCH^ CHiSOjRg, or CN, where j is an integer from 0 to 3; wherein, R5 = H, ORq, 

13 OCCOJR* NO* NH 2 , N^)* CI, Br, I, F, CHO, CO^ C^N^)* C(N~OH)NH 2 , OPO^, 

14 OPO^CH^yCHa, CH^Rg, OS0 3 R 8 , OSO^CH^jCH* CH^O^, or CN, where j is an 

15 integer from 0 to 3; wherein, R« = H, OR 8 , 00(0)^ NO* NH 2 , N^)* Q, Br, I, F, CHO, 

16 COA, CO^NCR*),, C(N~OH)NH 2 , OPO^, OP0 2 (CH^)jCH 3f CH 2 P0 3 R«, OS0 3 Re, 

17 OS0 2 (CH2) y CH 3 , CHjSOaRe, or CN, where j is an integer from 0 to 3; wherein, R 7 = H, OR«, 

18 OC(0)R*, NO* NH* NOR,)* CI, Br, I, F, CHO, CO^ C(0)N(R8) 2 , C(N~OH)NH* OPO^, 

19 OP0 2 (CH 2 ) y CH 3 , CH^O^ OSO^, OSO^OI^CH* CH^OjRg, or CN, where j is an 

20 integer from 0 to 3; wherein, Rg = H, C(CH 3 ) 3 , CH(CH 3 )* CH 2 CH(CH 3 )2, 

21 CH(CH 3 )(CH 2 ) W CH 3 , or (CH^CHj, where m is an integer from 0 to 3; wherein, R 9 = R 8> 

22 OR,, or NOR,)* 



1 
2 



24. The method, according to claim 17, wherein said sialidase is bacterial sialidase in 
bacterial vaginosis. 
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1 25. The method, according to claim 17, wherein said sialidase is bacterial sialidase in 

2 periodontial diseases. 

1 26. The method, according to claim 17, wherein said sialidase is bacterial sialidase in 

2 Pseudomonas aeruginosa infection. 

1 27. The method, according to claim 17, wherein said sialidase is viral sialidase in 

2 influenza virus infection. 

1 28. The method, according to claim 17, wherein said sialidase is human sialidase. 

1 29. The method, according to claim 17, wherein said sialidase is trans-sialidase in 

2 Trypanosoma cruzi infection. 
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Figure 3 
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Figure 4 
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Figure 5 



WO 00/24753 



6/12 



PCT/US98/22786 




Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 1 1 
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Figure 12 
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